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NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the National Aeronautics
and Space Administration (NASA), nor any person acting on

behalf of NASA:

A.) Makes any warranty or representation, expressed or
lmphed with respect to the accuracy, completeness,
or' usefulness of the information contained in this

. report, or that the use of any information, apparatus,
method, or process disclosed in this report may not .
infringe privately owned rights; or

B.) Assumes any liabilities with respect to the use of, :

_ or for damages resulting from the use of any infor-

mation, oapparatus, method or process disclosed in
this report. .

As used above, “"person actmg on behalf of NASA" includes .

. any employee or contractor of NASA, or employee of such con-
tractor, fo the extent that such employee or contractor of NASA,
“or employee of such contractor prepares, disseminates, or ' =
provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.

st

Requests for copies of this report
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National Aeronautics & Space Administration
21000 Brookpark Road '
Cleveland, Ohio 44135
Attn: Contracting Officer
Space Power Systems Procurement Section f
MS 500-309 L
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:% FOREWORD

The work described herein is sponsored by the National Aeronautics and
Space Administration under Contract NAS 3-6474, For this program, Mr. R. L.
Davies is the NASA Project Manager.

—d

The program is being administered for the General Electric Company by
Dr., J. W. Semmel, Jr., and E. E. Hoffman is acting as the Program Manager.
J . Holowach, the Project Engineer, is responsible for the loop design,
facilities procurement and test operations. R. W. Harrison, the Project
Metallurgist, is responsible for the materials procurement, utilization and

evaluation aspects of the program. Personnel making major contributions to

the program during the current reporting period include:

Alkali Metal Purification and Handling - Dr. R. B. Hand, L. E.

Dotson and H. Bradley.

Welding and Joining - W R. Young and S. R. Thompson.

i s

Refractory Alloy Procurement - R. G. Frank and L. B. Engel, Jr.
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM

I, INTRODUCTION

This report covers the period from January 15, 1967 to April 15,
1967. The primary task of this program is to fabricate, operate for
10,000 hours and evaluate a T-11l Rankine System Corrosion Test Loop.
Materials for evaluation include the containment alloy, T-111 (Ta~-8W-2Hf)
and the turbine candidate materials Mo-TZC and Cb-132M which are located
in the turbine simulator of the two-phase potassium circuit of the
system. The loop design will be similaxr to the Cb~1lZr Rankine Systen
Corrosion Loop; a two-phase, forced convection, potassium corrosion test
loop which has been developed under Contract NAS 3-2547, Lithium will
be heated by direct resistance in a primary loop. Heat rejection for
condensation in the secondary potassium loop will be accomplished by
radiation in a high vacuum environment to the water cooled chamber, The
compatibility of the selected materials will be evaluated at conditions
representative of space electric power system operating conditions,

namely:

a. Boiling temperature, 2050°F

b. Superheat temperature, 2150°F

c. Condensing temperature, 1400°F

d. Subcooling temperature, 1000°F

e. Mass flow rate, 40 lb/hr

f. Boiler exit vapor velocity, 50 ft/sec

g. Average heat flux in plug (0-18 inches), 240,000 BTU/hr ft2
h., Average heat flux in boiler (0-250 inches), 23,000 BTU/hr ft2

In addition to the primary program task cited above the program also
includes capsule testing to evaluate advanced tantalum alloys of the

ASTAR 811 type (Ta-8W-1Hf-1Re) in both potassium and lithium.



Also included in the program is the fabrication, 5000-hour operation
and evaluation of a 2600°F, high flow velocity, pumped lithium loop
designed to evaluate the compatibility of the ASTAR 811 type alloys, T-111,
T-222, and the tungsten alloy, W-25Re-30Mo.

|
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II. SUMMARY

All the refractory alloy materials for construction of Corrosion Loop I

(T-111) have been received and quality assurance inspected.

A trial lithium distillation run is in progress to determine the opera-
tional characteristics and the extent of lithium purification achieved by

distillation.

Fabrication of loop components is in progress with most major components

nearing completion.

The ASTAR 811 and ASTAR 811CN tantalum alloy specimens have been con-
taminated with oxygen to the desired levels in preparation for the lithium

and potassium capsule tests.
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ITI. PROGRAM STATUS

A. MATERIALS PROCUREMENT

All the refractory alloy materials for construction of Corrosion Loop I

(T-111) have been received and quality assurance inspected.
1. T-111 Alloy

The quality assurance inspection of the 0.375-inch OD and 1.0-inch OD
T-~111 alloy tubing has been completed. Eighty-three percent of the 0,375-
inch OD T-111 alloy tubing receiveq met the requirements of SPPS Specifi-
cation 01-0035-00-B, ''Seamless Tubing and Pipe: T-111 (Taésw—sz) Alloy."
Table I illustrates the distribution of usable lengths of the 0.375-inch OD
tubing after removal of all non-acceptable defects. All of the 1.0-inch OD
T-111 alloy tubing passed the quality assurance inspection performed by

General Electric.

During the sampling of the T-111 alloy tubing for the quality assurance
tests, severe radial cracking was observed on surfaces cut with an abrasive
cut-off wheel as illustrated in Figure 1. The cracks were greatly accented
by flattening the cut tube. After flattening, it was apparent that the
cracks were concentrated on the side of the tube that made the initial con-
tact with the abrasive cut-off wheel. The belief that the cracking was
caused by the action of the abrasive cut-off wheel was substantiated by the
fact that removal of the cut surface of the tube by grinding resulted in no
cracking in the tube upon flattening, Figure 2. The abrasive wheel wused
for these cuts was an Allison* aluminum oxide wheel, designation VAL202MRA.
Subsequently an Allison silicon carbide abrasive wheel, CL20KRA, was used to
cut the T-111 alloy tubing with greatly improved results, Figure 3. Although
cracking of the T-111 alloy tubing due to cutting with an abrasive wheel was
essentially eliminated, with the use of a silicon carbide wheel (C120KRA), a

%Allison-Campbell Division, American Chain and Cable Company, Bridgeport,
Connecticut .

HSH
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TABLE I. DISTRIBUTION OF USABLE LENGTHS(l)
OF 0.375-INCH OD T-111 ALLOY TUBING -

Range of Length Number of Tubes fg
§ in Feet Within Range <
0<f< 1 14 7

. ok
1<Q< 2 17
2<f< 3 13 |

3<fl< 4 6 ,ME

4<Q< 5 4
5 <;Q§; 6 4
6'§Q'E 7 2

7 <5Q§3 8 4
g <Q 1

LT L i P

Cizse-1

i

1
) Passed SPPS specification 01-0035-00-B "Seamless Tubing

and Pipe: T-111 (Ta-8W-2Hf) Alloy."

Y
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Figure 1. Radial Cracks in 0.375-Inch OD x 0,065-Inch Wall T-111 Alloy
Tubing (MCNO2A0066~3) After Cutting With an Allison VA1202MRA
Alumina Abrasive Wheel.

(Orig. D160112) Magnification: 50X

Ci238-2
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Figure 2,

a) Bent as Cut.

b) 0.040" Ground Off Cut
Surfaces Prior to Bending

c) 0.10" Ground Off Cut
Surfaces Prior to Bending

Samples of Flattened 0.375~Inch OD x 0,065~Inch Wall T-111
Alloy Tubing After Cutting With an Allison VA1202MRA Alumina
Abrasive Wheel Showing the Beneficial Effect of Removing the
Surface Layer After Cutting. Orig., C66122323

C1238-3
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Figure 3.
A

=

o

o

Flattened 0.375-Inch 0D x 0,.065-Inch Wall T-111 Alloy Tube
After @utting With an Allison C120KRA Silicon Carbide
Abrasive Wheel, The Cut Surface was not Ground Back Prior
to Flattening. '

(Orig. C66121614)
C1238-4



few very small cracks still were observed in portions of the cut tubes.  As
a result, it is necessary to exercise extreme care in using an abrasive wheel
for cutting T-111 alloy mill products when cracks cannot be tolerated., Under
these conditions, the cut surfaces should be ground back, etched, and pene-

trant inspected, in order to be sure that all cracks have been removed.

All of the products made from the fourth and fifth T-111 alloy ingots
(Number 111~-D-1102 and Number 111-D-1765, respectively) have been received,
and General Electric SPPS quality assurance inspection and testing of this
material has been completed. A portion of this material has been released

for manufacture.

Final annealing (3000°F for one hour) of the products made from the
sixth T~111 alloy ingot (Number 111-D-1829) was completed on February 3, 1967
at Wolverine Tube. The final machining of these products was completed at
Iverson Industries and all the items from this ingot have been received.
General Electric SPPS quality assurance inspection and testing of these pro-
ducts is now in progress. The products obtained from this ingot are for
back-up purposes,and are not critical to initiating the loop fabrication

phase of this program.

2. Quality Assurance for Refractory Metal Mill Products

fﬂé qﬁéli%& assurance program was established to provide adequate iden-
tification and documentation of the quality of the refractory metals and
alloys used in the construction of Corrosion Loop I (T-111). The majority
of the quality assurance measures were performed and certified to be within
specification by the materials producers; check tests performed by the
General Electric Company generally were limited to chemical analyses of the
interstitial elements, metallographic examination, hardness measurements, and

visual inspection of the incoming products.

; Upon receipt of naterial from the material produ&grs, a Material Control
Number (MCN) was assigned to each homogeneous lot of material. A homogeneous
lot includes all material of the same size, shape, condition, and finish from

one heat of material and which has received the same processing, has been

~10-

s

il

7
|
B

[



$-8€2T0

sa) auoN a-T10-S€00-10 6g8T-a-T1IT 1o93sueyg WPT X TTEBA 08°0 ¥ 40 ,S%°€ aqny, L80-YZO
53X SUON Qwﬁonmmooxﬁo 6281-a-T1T T99gsuey W51 X ITea Gg°0 X 40 ,$%°€ sqng, 980-V20
89X duoN g-00-G£00-10 20IT-0-T11T JECEEDY ) LT X TIBA 00670 X 4O ,S2°€ aqng, gv0~v¥20
s9K auoN g-00-GE00-T0 ZOTT-a-TIT T@93s5uBq LJPT X TTB4 ,082°0 X 4O ,S2°€ aqny, 8%0-Ve0
s9X uoN g~00-5€00-10 g0TT-a-TIT To8)sueq LT X TTem 6470 X 4O ,0°€ eqny (2-1)-9%0-VZ0
sax QuoN g-00-8€00-10 G9LT-Q-ITT JEEREL X LT X al ,019°T ¥ 40 ,,08°% aqny, 080-Y¥20
9% SUON G-T0-SE00-T0 6281-C-TTT T2935uBg LET ¥ aI ,019°T X 40,05°2 aqny, $80-Y30
s8% ¢ auoN €-00-S€00-TO S9LT-A-T1IT 1923sUBg ST X TTBa 62870 X dO ,,088°% aquL (g-1)-640-Vg0
s} auoN g-00-$£00-10 0L9T-0-T1T I933sueg 6 ¥ TTea 00T°0 X 40 ,0'T aqny (g-T)-SL0-V20
sax auoN g-00-8€00-TO 02L9T~G-TTY T9935UBg LBTT X TIBA ,00T°0 X @O ,0°T agnp $L0-¥20
sex duoN g-00-8£00-10 0L9T-0-TTT T293sueg LOPT ¥ TTBA ,001°0 X 4O ,,0°T aqni (z-1)~890-Y20

*POAOWAX BIDOFOP

Hamuno,ﬁ#umnmﬂﬂﬂﬂwapwﬁmn m@? mﬂoz mloou.mm00|._”o Ohm._”..nT.:H Hwovmaah (8L % TIBa 59070 X 4O 62870 wngAwﬁvalhwol‘wNo
% OTUOSBIITN ‘TeNSTA POITEL :

s9% auoN €-00-8€£00~T0 0L9T-0-TIT T28)5U8g WPPT ¥ 11T24,890°0 X 4O ,S4E°0 aqnL (£-1)-990-V30 _l__
89X duoN g~-00-0%00-10 92089  3ueup ey LIT X ,621°9 X ,008°0 93e1d 950-v20 JL
(1) "wnwiulw )
motaq oI1T eanidna-ssaryg ON auoN €-00-0%00-10 2e91-a-111 1993suey JIT X ,681°9 ¥ ,,008°0 1eld 600-4920
*(udd 0g) uwoqied yB1H oN auoN g-00-0%00-10 92089  Suey)d yep LO0T ¥ 9 X 6z1°0 139ug 180-Y20
(1) “unwiutu
#OTBq BIFT mhsemshlmmmhvm ON SUON g-00~0%00-10 2e91-0~T1T T233suey .08 X 2T X ,090°0 1988us (g-1)-010-4920
89K JuoN g-00-0%00-T0 92089  Susup yey JT X T X G800 19848 (£-T1)-590-V20
*suo1309z1odut 90BFING oN ELIN ¥-00~-£700-10 94069  3ueyp yey BT X ,6'¢ %X ,600°0 1108 (2-1)-E£90-VZ0
s9% auoN Y-00-£%00-10 0291~Q-TTT Tos3sUBL W81 %X ,g'g X 600°0 1104 . €%0-V30
“(wdd ggg) ueldxo ySiy ON SUON V-00~£700-T0 2£91-a-111 LEERTLLE ¢ WBL X 6'e X 600°0 Troq 210-4920
sax auoN V-00-£700~10 9,069  3uByD Ueyh (B9 X §°E X ,5600°0 1104 $90-Y30
s9x SUON ¥-00-£%00-T0 0L9TI-A-TTT T893suey LG8 X ,8°€ X ,6000 1104 Zy0-v20
sax aUON V-00-£%00-10 ZE9I-4-ITT Te93susy 428 X ,8°€ X ,800°0 T1o4 T10-4920 IT1-&
sIeWwsy sjuauax1nbay suol1jdsoxy dolen JLaquny Jaquny JIOPUBA 2218 iR {oX: Jagqunp AOTTV
uo131801F100dg su013BOIx100dg 1e9H ionpoxd TTTH NOW
1TV s318an

WVED0¥d ISHEL TONVHASSY ALITVND 10 SIINSHY “II FIGVL

gy

|
!
}
|
3
J
.
J




)

3

#
£
e
W

*pAAOWAI 300FOP

fuo1zdadsut oTUOSRLLIN paTIed 80X SuoN g-00-8T100-T0 GOLT-A-TTT Tod3sUBy W91 X a9jsuetIp  GzZI"€ poy
. 8% SUuON 4-00-ST100-TO 628T-0-T1T 1993sueyg L8 X J9jsuBip Gy poy
s8x SuoN g-00-8100-T0 g9LT-0-1ITT T1893suey «881°G X J238METp G°Z poy
sax BUON §-00-8T00-T0 0L9T~0~TTT To93sued WOT/T 1% X J9318wWeip G°g poy
88X duoN g-00-8T60-1I0 628T-a-TTT T893susy WVG X J938UEBIp  0°Z poy
s9X suoN g-00-S100-10 Z011-0-11T o9 sueg W18 X IBIBWETIP K 0°g poy
58X auoN 4-00-8100-10 92089  3ueyD yep L9 X Ja8jeuelp  06°T poy
‘jusmexInbox 8z1s ureald psrred ON auoN €g-00-¢100-10 €£9T-A-TTT 18d3suey L9 X I9j8Welp 0C°T poy
s9X duoN g~00~8100-10 9L0S9 Busyp yey L8 X I2joweip GZT°T poy
ANV.EE #OTAq 3311 ean3zdni-ssaxlg oN auoN g-00-8100-10 £€91-0-1TT Toe3suey L8 ¥ a9jsuetp, 6zl 1T poy
89X auoN g-00-S100-10 9,069  Susyp uey LEP X a9jowelp K 0°1 poy
Amv.nas noteq 83311 sanjdna-ss81§ ON ) auoN g-00-ST100-TO £€9T-a-1ITT T993su8y L,8% X Ja3j8ueIp 0°T poy
595 auoN g-00-S100-10 . 9,089  8Bueyp uepy WPT X J2)euwelp K629°0 pod
va.nus MoT8q BIYT dxn2dni-ssaxlg oN auoN g-00-ST00-10 £€91-0-11T T293sue WJPT X J8jsuetp Gg9°0 pod
sax auoN 4-00-S100-10 92069  BuBud yem 48P X J2233uWeIp L 008°0 poy
Amv.uﬂE #oT3G 9F1T danydna-ssarlg oN auoN 4-00-¢T00-10 €€91-0-TT1 19@3sueq L8 X 1938WEIp L.008°0 poy
‘pssowaI §3D9F9P
fuoygoadsu) juesisusd poyIBg 58X auoyN g-00~-5100-10 9,059  Bueup uyem g ¥ a93°WEIDp ,L06%'0 poyg
Amv.:ws #0189 BITT 2anldni-ssaais ON auoN 4-00-S100-T0 €£9T-C-111 1933s5UBY b2 x xejsuwelp 09%°0 poy
sax SUON V-00-8700-T0 22069  Bueyd yem SqT %% X X918UBIP ,GZ1°0 aITM
sa) SuoN V-00-8%00-TO 9,089  Susyp yep SQI 6°L ¥ J938werp 6210 3I1h
L2 auoN ¥-00-8%00-10 91902  3uByp yem ,0F ‘X J8jauwelp K 6z1°0 SITMH
89X SuoN ¥~00-8%00-T0 £€9T~0-T1TT To935uBq] ,89T ¥ I9joweip ¢gi’0 axtm
sax SUON V-00-8%00-10 €€9T-0-11T [e93sueg SQI 8 X IS3SWEIp ,$60°0 aITH
SaK duoN ¥-00-8%00-T0 91904 Bueyd. yey sql Lp'9 X I9FJMUWEIP 7900 SITH
s8% SUON V-00-8%00-10 £€91-0-T11T T993suey sqQT 9 X J@38wWeIp ,Z90°0 SITM
SHIBWAY sjusmaI 1nbay suo12deoXy I0LEn Taquny JaquaN IOpuap 2218 wxog
uoy3eotFioadg suoijea1zIoadg 3eoH 3onpoid TTIR
TIV S398N

(*3uod) ‘I1 FIGVL

920-Y50
£80-V30
2L0~YZ0
8E0-Y320
380-V20
(e-T)-¥90-VZ0
860-V80
»10-930
T90-¥20
800-€30
290-Y20
(2-1)-,00~920
£€50-V30
900-880
3S0-V80

$00-4920

$80-¥z0
»00-€20
£L0-V20
090-v¥20
650-Y¥20
£00-4920
200~-420
(g-1)-6£0-V20

T00-820

Taquny
NOW

-12-

ITT-L
ZoT1Y



s8x QuoN €-£0-£000-10 818¢ IHpaney 84T Q0T X ,8°¢ X 300°0 Trod ¢00-vz0

s8x SuUoON g-£0-£000-10 8T8 ToomeN 84T 0 X ,6°0 X ,200"0 Troq T00-V20 IZ1-90
‘WnWIUIW MoTeq yjlSusais sdotodp
STTSUSL 83BUTITR B UOTLBBUOTH oN suoN v~10-0100-10 _ 6TIS6-99  TesILATU) WFE ¥ asjeueIp  0°7 poyd (g-1)-1$0-Y30
sdoTo4p
sax SUON ¥V-10~0T00~T10 611S6~99 TESI2ATU 488 ¥ JI3}0WeIp O°T POy (g£-T)-8S0-Y¥20 WZeT-90
0N SuON 2 -WZL-9M-XNO £68L XBUTTD 4CT ¥ J938UWETD G2T°y poy 0L0-V20
sax auoN Z-WZL-IM-XIND G6GL XEWTTD P8 ¥ J918ueTp  0°g poy L00-Y30
s8x duoN Z-NZL-gM-XWD 9282 XBUTTD LT X Jdjemerp  618°0 poy 180-Yg0
89X duoN Z-WZL-9M-XND 9L8L XBwII) W¥e X as3sueIp  6/8°Q poy TL0-V20
583 SUON g~NZL-aM-XND ELYL XBUTITD W9T X J838uWBIp K G28°0 poy 900~V20
sax auoN G~WZL-GM~ XD 869 XBUTTD 481 X I238WEIP L 005°0 poy 2L0~V20
LYY suoN Z-WZL-IM-XHD 89%L Xeuilp L,9€ X JX9383WBIP | 008°0 poy $00-v30
888 duoN S-WZL-9M-XWD 096¢ XBWITO L9€ X JI8318WBIp Gz 0 poy $00-v20 W2I-ON
598 ‘XeuW %CT0 M J~10-T100-TO 26N AOWT-TD WS X g X 6re'1 aeq £€0-V350

‘%GT°0~0T°0 D

‘%€g"0-€1°0 Az
‘%8S *1-9T'T 1L s308ul

sax -3aB3}s  ‘uoiydedsul 0-T0-1100~10 L6 TOWT~&D. WS X 3 X ,6Le°T xeg (9~1)~g£0~Vz0
o1ydexdoipex ou
- LTuo uoIjEBWMIOFUT
I0F s$3593 aanjdna

(udd 8TY) us3sSuny ysiy ON $53a35 7§ 2T 15U, 0-10-1100-10 a6H QOWT-39 WL X 0840 X 06L°0 Ieq (G-1)-¢€0-vYz30

88K ‘uotiioadsul 0-10-TT00-TO 1eed XBUTT) LL8LT9T X J9j8ueIp 0°7 poy (e~T1)-9€0-¥20
o1ydealdorpes ou
- £Iuo uoljeBWIOIUL
J0F s3591 sanydna

s8x $89a38 R STISUIY, O0-10-1100-10 TeEY XeWITo WSL°TPT X asjLauweIp. 0°T poy (g-1)-L€0-Y30 0ZIL-OK
89K BUON 4-00-ST100-10 G9LI-Q-TI1 Ta93susg L9 X g x 1 Jeg 8L0~VEO
‘u0T309dsuT DTUOSBIFIN POTIBL oN auoN §-00~ST00-10 30T1-g-TTT Too3suBg LWBE X 73 X T Teg LP0-Y20
sax SuoN €-00-ST00-10 92,089  3ueyp yey JETeT X T %X T Jeg 160-V30
‘juswalinber ezis utead peried oN 9UON g-00~S100-T0 £€91-0-T1I1 T993sueyg JETBT X T X T I8 (£-T)-€T10-930 TIT-L
SyIBWaY sjuawad inboay S5U013dadXT JOLBW Jaquny xaquny JOpuaj az1g WIOg Zoquny AoTTY
U0 T3BOTFI08dg sto13eo 1y 102dg jealg jonpoad ITIW NOW
11V S399p

(3uod)  ‘II FIAvVL

-13~




v, P

e Loa < H } ;
.

s} ‘xew wdd ¢1 - H 119-59¢d 65gT8 opIqIED UN ,009 X I338WBID | 0Z0°0 aITH 800-V20
50K ‘xsp wdd ¢ - H L19-p9e9 65518 opTqIED Ul W8T ¥ ,00°T X 00°T aeg S10-VZ0
80X ‘xep wdd ¢T - H IT9-v9¢ed 65218 °oprqrep un .82 ¥ ,00°T ¥ ,008°0 zeg 910-YZ0
58X ‘xew wdd o1 - H Lgo-goed €0£I8 @praIed un £ X ,8°0 % ,6°0 xeg 120-Y20
s8x ‘xel wdd ¢1 - H 119-voed ILEI8 epraren un WL ¥ ,0°% X ,082°0 Teg (g-T1)-£10-Y20
89X ‘xep wdd ¢T - H 119-p9¢d OTET8 opra1en un ,9€ X ,62T°% ¥ ,290°0 399Us 110-Y20
. s9X *xep wdd g1 - H IT9-p9¢ed PL218  9PTAIBD U LT X ,62°0 ¥ ,2€0°0 189Ys g10-v20

sox’ ‘xeW wdd 0T -~ H I29-p9ed L1T-90 JCERELLE S sqT % X ,6°0 X ,200°0 1104 (8-T)-6%0-V30 BL
sax suoN g-$0~£000-T0 006-316  Sueyp yes V8 X aejeuwetp 6z°1 poy §20-Y20
s8) auopN g-$0-£000~10 6SG0L-TT6  Busyd yem LET X I839WeID. | CZ9°0 poy 920-V20
59X auoN 4-$0-£000-T0 65502-1T6  Sueyd yep L0BT X xojeuwsip KG°0 poy ¥20-V20
sox suoN g-$0-£000~T0 Z00€g-T116  BuBup ysm ,0ZT ¥ Iogeuwetp K¢°o poy (g-1)-0Z0-V30
58X ouoN a-10-2S00-T0 §L09 ooMEY ,09 X I9leueIp | 06Z°0 poy 690-Y20
(udd 0g)eg udTH ¢ (wdd OpEI)BL USTH oN suoN g-£0-£000~10 898¢ TH0aMEN SQT € X JI938WEIP | $60°0 SLTH 1£0-¥20
(wdd 09)ag ysiH ¢ (wdd ovpeI)el USTH oN auoN g-£0-£000-10 898¢ 09MEY 5qT g X Z939WeIp. ,290°0 8ITH 0£0-V20

*(udd 06) of USIH
{u0T300dsUT DTUOSEIITN PATIBL oN auoN g-£0-5000-10 9885 THoomEy ,8F ¥ TIe# GZ1'0 X GO ,8L°% agng 630-Y20
*uoT309dsUT OTUOCSBAZIN POTTEBI ON . SuoN O-T0-%000-10 9889 THoomeY ,6-,€ X TIBA L 0%0°0 X 0O ,8°0 aqny, (g-1)-0%0-YZ0
‘uo1302dsul OTUOSBIITN PATIEF oN auoN a-T0-7000-10 £0€02  Bueyd yey .09 X TTBs4 290°0 X (O ,08%'0 aqny 080-¥20
89X auoN g-%0-£000-10 3IT0L-316  Susud ysy L9 X 9 X 08Z2°0 199Ys 610-¥20
0% suoN g-$0-£000-T0 gIT0L-316  Bueud yeyp W1 X ¥ X ,621°0 100Ug £20~¥20
sex auoN 4-%0-£000~T0 2T104-g16  SuBuD yem L€ X p8 X 08070 199us (g-1)-$€0~-V20
dasp ,T100°0 FO

58% yojou UOTIBIGITED g-$0-£000-10 3TI0L~316  3ueyd yem WP8 X 2T ¥ ,62T0°0 198Us (9-1)-220-Y20

59X SUON g-£0-£000~T10 8T8S TooMEY sqT 6T X ,0°8 X ,600°0 Tro4 £00-Y30 1ZT~aD

SHIBWIY sjuawaIIhbay suoTideoxg aolen Jaqunp JTaqunN JOPUBA 8ZIg wuxog J2GUNN LoT1V
uoT3eITFI00ds sSuoY3BoTyToads 1e9H 3onpoad 1TIN
11V S389K

(*3u0d) ‘II FIAVL

-14—



'sjusueatnbos sanydni ssaays pessed TBIL03BW TROUUE INOU-T/J,000€ TBUOTITPPE U JI83FY

(@)
*uotlesiaqey door UT psash jou TBTIDIBK @
}10713q 1s°d £-6E-8L 05noYBUTIS M L8°9 X ,6°€ X 6000 1e9ug L30-Y20 282-1L
sax BUON LT9-99¢€4 662T8 @PpPTqIEd un .8 X Jo31sweTp K 08%'T poy ¥10-Y20
LN xep wdd ¢T - H L19~6984 IPET8 epraxed’un ,BT X a938WRTp | 6Z9°0 poy 010-v20
sax ‘xeW wdd ¢T -~ H LI9-g9ed €OEI8 98prqxedupy P8 X J919WEBTP KL 0GZ°0 poy 600-Y20 8L
syIeway sausueITnbay suotTl1dooXy XOlEeN JIQUNN Jagquny JOPUBA 8218 WIOJ JaquNN £OTITIV
uoT4EdTFIoeds sSUoT1BOTFIOAdY 1B9H 2onpoad TTTI
1TV §3991 .

(quop) ‘i1 mIavl

~15-

s SN
P Y ety




9-8EZTD

o - z£ 28 2% 25¢ 0 39Npoad TeUTS
- e 4 91 [ £p Iopusp jonpoad Teutd

ZL€°8 7594 2+ 22T 2% 25% JI0opusp Ieg pPopnIIXy

ct1's g0 L 4 0g 2L 01 Iopuep j08ut 029T-A-TTT w84 ¥ TT®M [, G90°0 ¥ 00 ,G2£°0 aqn],  (8T-1)-L90-VZ0
m— - 4 a1 54 £y JOPUSA 3oNPOoId TBUTA

52 2594 Z* 221 2% 2% JIOPUSA Ieg papnIIXg

pA A 0L L s 02 _ 2L or IopusA 308ur 029T-a~T1TT  ,,¥%T X TTI®4 ,G90°0 X QO ,SLE'Q sqny,  (£-1)~990-Vz0
vz 0°6 01 <L 0ST 0g
X8 XBN X8R Xen XEBN e g-00~S£00-T0 NOILVOIJIDAIS
- - 8 £ 16 N a0 3onpoad Teurd
- - 2'g 0Z 0g> 07> IOpUBA jo0posd TeUTd

g€6°1 g02'8 878 ¥l 08 0% I0PUBA joBuy 92059 WIT % 6219 X ,006°0 o1®etd 950~Yg0
--= b €6 02 ot [} IOPULA 3onpoad TeuTd

12°'2 €L"L 2" 712 25T a I0pueA Xeg pepniixyg

188°¢ 16472 -4 03 14 034 I0puaA 3o3ug 2£91-d-111 SIT X ,621°9 % ,005°0 91eTd 600-930
=== == 9°g 21 09 08 ZOpURA jonpoxd TeUTS

c€6°1 g09°8 88 Ay 198 07> Iopusp 308ut 92089 LOT X 9 X 6gT1°0 3s0uUg LS0~VZ0
——— - T 6 68 Hca 65 3onMpoxd Teurd
- - g LT 23 1 IopusA jonpoid TeUTE

2188 gSL L 27 218 251 Yy JI0pusA aeg pepnrIxy

18E°2 18472 [+ (74 14 ot I0pUdA 303ux 2€97-a-111 40§ X 2T x ,0%C°0 iseus  (Z2-1)-010-920
el == T 4 6L I o) jonpoad TeutTq
—— habaded 9°'% 0% 001 ob> JOPUDA 3ONPOIJ IBUYTL

£E6. L g028 £2E At 05 Q0E> Iopusp 3o08ur 9L0S9 JBT X T X 6200 1e2Us  (€-F)-G90-VZ0
g 0°6 ot ) 0ST 0S
XeN XeN xew el XBW XBW g-00-0¥00-10 NOILVDIJIOAIS
- == — 8 1878 B¢ 79 3onpoad Teutd rm
R - L2 2€ 0g> oF Xopusp 39npoad Teutd —

mma.H noo.m aw.m Hwﬁ .Hcm mowv FOPUSA 3o8ul 9L089 LEeT X 8¢ X 6000 11048 (2-1)~£90"¥Z0 !
== - 2 A wr s TH jonpoad Teurd
R - T 41 19 oy JIopuaj 3onpoad Teutd
=== - z* 221 708 282 IOpuaA Ieg pepnIIxXy
el - g 08 ZL 01 IOopUaA 308ug 029T-0-TIT JET X, 6% X 60070 1vod £Y0-YZ0
== - € 21 8€z  ,5v 9 jonpoad Teutd
--= --= - == -—= - JOPUSIA 1onpoxd Yeurd

Z1%°8 gL L z z 1@ 25T s IOpusA Teg pepnIjxy

882 16474 S 02 14 (133 IOopusp 308u] 2€91-d-T11 WC1 ¥ ,6°€ X ,600°0 1104 210420
i - 5T 0T {0ST 09 a9 1onpoId TeUTI
=== - 9°2 6 011 0%> IOPUSA jonporg TeuTd

g86° 1 g02'8 22 Ay 108 i I0puSA 308uy 92059 .28 %X ,6°€ X 5000 T4 $90-V20
--= === 1 L PIT (66 o) jonpoad Teutd
it === T 12 29 or TOPUDA jonpoad TeUTI

Nnm A Nvo ‘L Np Nwa Non Nmm Jopusp I8d PLPNILIXT

gtl'e g0t 4 g 0z ZL 119 IopusA 308ux 0L9T-G-TT1 W28 X ,,8°€ X 6000 Trod gr0-VZ0
i = 2°s 02 ™ -4 IOPUSA 310onpoId TeuTd

7182 L 77 2 1% 25T 211 I0pULA Teg pepnaixy

1882 AT S __ 0z _ sg . [ TOPUSA 3o3ul 2€9T-a-T1T 438 X ,6°¢ X ,600°0 1104 T110-920
¥z 0'e 01 001 00g sL
XEN Xel xel pa:) XeW Xel V-00-€%00-T0 NOILVOIJIDAIS TII-L
H_ v H e o Zg soxnos Foquny 3718 WxogL Tequmy Zottv

(%) I9u3Q pazdTsuy a1dueg 3wl jonpoxd TITH NOW
wdd ‘sasdTeuy TeoTWaND
SLONA0Ud TIIN A0TTY AYOLOVHITYH 40 SISATYNY TVOIWAHD *ITI ATEVL




- --- z'1 ¢> 0e> 09 xopuap
£8°1 o8 8z 51 og> 0% xopuay
1
ge'z lor's T Ty Tog1 me o)
--- --- 1 2% o1t ‘ow xopusp
JeT 08 9 91 61 LT Z0pusA
%gg G oL oL s 0L zopuss
ve 06 o1 oL 0sT 0%
xen xeN xe Xen xell XeN
--- - z T o1 62 7D
--- - g 6% 0z ot aopuap
1€°8 aL'e ¢ 61 z¢ e zopusp
- - ¢ 62 0z o1 zopua
1€°g aL's ¢ 61 ze e xopusp
--- --- 9 6 8¢ 0z )
--- e Tgg T Toe  Tre zopusA
82°% 6L € 1z 15 0z xopuap
mov.m mpm.b %g Zoz % %ot zopusp
--- - 16 88 400 %
--- - g'e g1 0z e T0puep
8z°z ¥6° L g 2 18 0z topuay
mo«.m mnm.h Zg %o % %ot zopuap
--- --- 9 g 8¢ 2z B
ov'E 267L g 0z £g o1 zopusp
- - c 2z g %z aopusp
£6° 1 w8 ¢ ez b ot xopusy
L %y %st %oz o
- -m- g gg 0z o1 xopusp
182 6L'g g 61 zg e zopus
- e g 6 W o1 D
--- - T a2 ez gz z0pusA
£6°1 58 ¢ £z ¥ o1 z0pusp
o T %g %z %z Sy
—n -- g v ¥z £z zopuss
182 692 L 91 0z 62 zopua
Mha.m Moh.b %e oz %2, ot zopuep
--- -9 1> %% @ &
- - ¢ ov e ez Topuss
L2 69" L 91 07 62 zopua
MFH.N mou.u Zg %oz %zr ot zopusp
- - B ¥ O0° I8 79
--- - z 22 18 o% xopuep
1872 g9°2 L 91 0z 62 xopuap
MBH.N Mop.b %g Zog Zes  Cor zopusA
z "6 o1 oL 0ST 0%
xXel X8l XeW Xel XeN XEeN
JH M H N 3} fe) . Agq
(%) I8430 pazATeuy

wmdd ‘sasdTBUy TBOTWAYD

30npoid pPeusTUTE
308ur

10NpOId PAYSTUTL
jonpoid POUSTUTI
Jeg papnIIxd
108u7l

100poId TEUTS
1onpoad TEUTA
jo8url

10onpoid TBUT
308ul

4onpoad TBUTL
3onpoId TBUTI
Jed pPapnIIXy
308ul

1onpoxd TeutTd
3oNpoxd TBUTL
aed papnIixy
108uyl

3onpoid PoUSTUT
jo8uy

jonpoId TBUT
q08uy

jonpoad Teutrd
jonpoad Teutd
308ul

jonpoxd Teutd
jonpoad TeUTd
108ur

jonpoid TBUTd
jonpoid Teutd
aeg pepnIIXH
108ul

3oNnpoxd Teutd
jonpoxd TBUTI
xeg pepnIIxy
103Ul

jonpoId Teurd
jonpoad TeUTd
xeg pepniixy
joS8ut

80aIn0g
a1dues

(P, 3u0D)

(Z2-1)-6£0-VZ0

100920

¥-00-8%00-10 NOILYDIJIOHAS

9190L SqT Lp°9 X JI91BWETP ,,290°0 2ITH
£€9T-Q~TTT SqT 9 X 4938WEIP ,890°0 RS
628T-Q-TTT LpI X TT®m ,06°0 X .00 ,S%°€ aqny
6281-Q-TT1 BT ¥ TIes GZ°Q X Q0 ,6T'€ aqnuL,
Z0TI-A-T1TT LB X TTem ,00¢°0 X dO ,S%°€ aqny
Z0T1-Q-TTT LT X TTeM ,,082°0 ¥ 4O ,S%°€ sqny
Z0IT-Q-1TT LET ¥ T S26°0 ¥ 40 ,0°€ aqny,
GoLT-A-TTT LET1 ¥ @I ,019°T ¥ 40 ,,05°% aqny
628T-a-T11 LET X @I ,,019°T X Q0 ,5°8 aqny
§9LT-G-TTT ST X TTen  GLE°0 ¥ @0 ,092°F aqny
049T-Q-T11 .6 X TTes ,00T°0 X 40 ,0°T agny,
0L9T-G-T1T ,31T X TTes ,001°0 X 40 ,0°1T sanL
0L9T-0-TTT LOPT X TTe# ,001°0 ¥ @0 ,0°'T aqny,
Iaqump ?ZTS wXog
1ol 10onpoid TTIW
‘1T T1EVL

L80-V30

980-Y20

S¥0-vVeo

8%0-V20

(2-1)-9%0-V20

080-Vg0

G80-V20

(2-1)-6L0-Y20

(2-1)-SL0-Y20

vL0-V20

(2-1)-890-V¢0

17—~

ITT~L

TaquinN
NOW

£o11V




--- - 6 g L1 vz 0
e aee T T Yos>  Top> zopuaA
£6°1 09°8 83 »1 0g op> z0puss
R 52 Tt % z0pusy
JeE o8 9 o1 61 L1 sopusp
Szs Greca ot o1 g 01 xopusy
--- --- 1> e £ 52 an
--- --- 81 21 0gT "~ Tow> zopusy
g6°1 09°8 8z 1 0¢ ob> z0pusA
B Tl Ty By Toe  Eu1 zo0puap
JEE 082 9 o1 61 L1 z0pusp
ez e o1 o1 sz o1 Zopuep
- —— 1> 8 oo an
--- - 81 21 el low> xopusp
£6°1 09°8 87 v1 0g ov> zopusp
€ Bo Ty By Toe  Eu1 xopusp
JEE L8 9 91 61 LT xopuaj
%ezz - CpLe o1 o1 z ot zopuap
== --- T £ (18 an o)
--- - L'E 21 os>  ob zopusp
£6°T 09°8 8z »1 0s ov> zopuap
.. L. T €1 Y mmm o
- - 1> £e o1 1 x0puLA
JeT o8l 9 91 61 L1 zopush
TR A S S R S )
T 0 o1 o 0sT  o¢
XeN. Xel XeR XBN XeN XEN
—-- --- 9z g1 0s> 09 z0pusp
£6°1 09°8 8z 1 0s ov> zopuap
o Bl Mﬁ mm Mww mmm a9
e - 9z o1 os> o zopush
6T G098 8T T 08 GO0m zopuap
i St 12 “ez 5
--- - €1 0z os> ow> zopusp
€81 00°8 8z 1. 02> 0% zopusy
Terz Tme g Tgo Mma 5
- == 1> 2 69 ee zopuap
ST 08L 9 91 61 It xopuap
‘2z Sore ot o1 b o1 zopusy
09°z 67°8 1 g 15 ot o)
--- --- 1> 0z T ew aopusp
T 08l 9 o1 6T L1 zopusp
%egz  Gae oL or. s oL zopuap
Ve 06 o1 Y 02T o8
Xel XEeN Xel XBN XeW XeW
TH "N " e . o Xa
(%) I38u30 paziTeuy

wdd ‘sesATeuy TeoTWOYD

-
=

jonpoxd TeuTd
jonpodd TEUTH
1038uy

jonpoxd peusTUTI
xeg papnijixy
308ur

30NpPoId TeuTd
jonpoad Teutd
108u71

1oNpoxd PIYSTUTH
Xeg POPNIIXT
q08ur

jonpoxd TeUTE
30npoxd TeUtd
j08uyl

3oNpoxd peusTutd
Ieg pepnIixy
j08uy

jonpoad TBUTI
3onpoad Teutd
jo8uyr

10nNpoxd POUSTUTY
10NpoId PIYSTUTT
aeg papnIIXy
3o38uy

3onpoxd POUSTUT
j08ur

3onpodd PIYSTUTY
3onpoad peusSTuUTd
108ur

40NPOId PRUSTUT]
jonpoad PIUSTUTS
jo8uy

30NpoId POUSTUTI
1oNpoId POUSTUTE
Xed POPNIIXT
j08uy

3onpoag paysTuUTy
3onpoxd PeYSTUTd
xed pepniixy
208ur

20inog
o1dureg

(P, 3u0D)

9L0%9

€€91-G-T1T

92059

€E9T-A-T11

9L0S9

£€9T-A-TTT

9L0S9

£E€9T-G-TTT

9L0SG9

9L0%9

91902

€E9T-Q-TTT

£€91-a-T1I1

Toquny
3eoH

“ITI TIdVdL

uev

g

Mas

Al

u8v

L8V

uwbe

«¥2

sq1 ¥'v

sq7 6°L

0%

1891

sq1 8

X

X

X

X

X

X

X

X

x

X

X x93ewerp ,0°T

X I938WETP. ,0°T

I938WBIP | 6390

I939WETP |, G290

I330WETP , 0090

JajeuweIp | 00S°0

I939WeTP |, 062" 0

Ja39uWeLp | 0820

Ier0WETP , 6210

I930WeTP G210

x070WETP 52170

I930WEBTP 62170

I8}OWETP |, %600

971§

poy

poy

pod

poy

pox

poy

poy

poy

290-Yg0

(2-1)-L00-920

£80-Ve0

900-920

2S0-Veo

S00~H20

¥80-V20

y00-920

g-00-§T00~10 NOILVOIZIDEJS

BITM

2atM

AITM

oxTM

SITIM

WIog

3onpoad TTTH

£20°V20

090-Y20

6S0-V20

£00-920

200-4920

Jaquny
NOW

TIT-&

LotV

-18-



--- - 9 61 9 81
--- - T Toe e oy
go°1 ¥5°8 9 €z o ot
z
- B %1 Tag mo«
- - L'y 81 ge b
0g°z 56°2L ¢ 12 18 0z
mov.m m»m.h 8 e % o1
--- --- 1> 8 BT an
-- --- v'e 1 0zt o%>
£6°T 09°8 8z »1 o¢ ob>
Eeee B T €9 Teg MmH
me --= 1 8% 82 sz
8T L08L 9 91 61 L1
%oz Syes o1 o1 oz o1
--- -9 18 88 8T
--- - g 61 o1 0%
g6° 1 78 9 £z vy o1
Tam BTl B Beg oz %ot
gz g2 ¢ 61 £e e
- g- B g1 %z %p1
- - ¢ gz g 2z
ST gpre o 258 27 01
°s % e ez
-— - z 1€ 0g oz
1e°e g0°2 L 91 oz 62
MFH.N Mob.h 2 oz %2.  %o1
--- -8 £ 21 58
.- e g ee 08 o1
Q€T G08L 8 261 £E
% & Sy Cog
- - 18 9z gL oz
82°2 ¥6°2L € 1z 18 0z
M vz mnm.h 2 %oz %ee %ot
90°2 69 et £ ST B
--- --- g et 0z ‘o>
g6°T. _09°8 8'g 1 0g ov>
L o1 Tgs mma
--- --- 1 8% 82 e
) 9 o1 61 Lt
ez Sree o1 o1 ez ot
--- - 8 ST .98
- --- Le LT 0g>  ‘tow>
£6° 1 09°8 8'g P1 og ov>
g .. N e 1 %
T L08L 9 o1 61 L1
Sezg G oL oL s oL
vz "6 o1 o 0sT 08
XeW XeW el xel XeW By
T A " N o )
(%) x2u10

wdd ‘sosATeuy TEOTWOUD

a0
Jopuagp
IOpUDA

qo
JOpusA
IOpusp
JOpuUsA

g0
IOpUBA
JOpuUsp

23]
IOPUSA
Jopusp
I0puUsSA

an
Iopusp
JOPUBA
xopuop
JOpusp

ao
IOpUSA
TOpuUSA

an
JOPUdA
Jopus),
IOpuUap

an
JIOpPUdA
Jopusp

an
IOpuUsA
IOpusp

I0puUaA -

ool
IOopusp
Iopuap

0
Iopusp
IOpUSA
JIOpUSA

20
JIOPUBA
Jopuajp
XOpUap
Iopusp
Iopuap

.zm
pazil euy

3onpoxd Teurd
10UpoId TRUTH
q03uy
jonpord Teutrd
J0onpoId TEUTA
Jeqg popniIixg
108Uy
jonpoig TeUTd
jonpodd Teutd
108uy
jonpoid Teutd
3onpoxd TeUTd
Ieg papniixy
j08ul
jonpoxd TeUIL
jonpoid TEUTL
q08uy
jonpoxd TeuTd
208Ul
3onpoxd TEUTA
jonpoad TBuId
308uy
3onpoxd Teutrd
3onpoad Teutrd
Ieg papnijixyg
203Ul
jonpoad Teutd
1onpoId TeuTd
208ur
3oNpoxg Teutd
jonpoad TBUTd
Ieg pepniixy
108ul
1onpoxd TeUTd
jonpoad TeUTd
j08ug
jonpoid TeUTd
jonpoad Teutrd
Ied pepnilxy
j08uy
jonpoxd TBULJ
jonpoid TeUTd
r08uy

30NPOIg PAUSTUTI

Jeg poapnilxy
203Ul

8oanog
a1dumes

(p,3u0))

S9LI-A-TTT

Z0T1-a-111

92069

€E9T-U-TIT

GOLT-U-TIT

628T-d-TTT

G9LT-A-TTT

0L9T-a~TI1

628T-a-T1T

goI1-d-111

92099

€E9T-a-ITT

9L0¢9

£e9T-A-T1T

TequnN
3esH

TIIT 19V

W91 X

L88T°G

L91/T 12

uwve

u T2

L62T X, T % 1

Ie38WeTP | GZI'E

X X9}OWRIP ,G°F

X Ja}9wWweIP [, G°%

X X918WBIP ,,6'%

X J038WeTP ,,0°%

X 1930uWBIpP ,0°Z

.9 X I818WeTP ,06°T

«9

u8 X

u8 X

X 1930WBIP G

Iejewetp G2 T

z930uWeTP |, 61" 1

2218

xeq

zeg

xeg

Ieg

pox

poy

poy

pod

poy

pou

pod

poy

poy

poy

wxod

e ey

7oMpoIg TTTW

8.0-V20

LP0-V20

160-V30

(e-1)-£10-820

9L0-Vz20

£80-V20

LL0-VZ0

8£0-Y20

280-VY20

(€-T)~¥%0-Vg0

850-V20

#10-920

190-Y20

800-920

JaqunN

NOHW

TIT-1

£OT1Y

=19~




m= € 182 01T 8%
i L 0$ 08T 72
P &£ P o1lg e
2'1-8°0 o1 00g oog 00T
Iz xel xeW Xel Ken
- €2 oe 08 08
1 12 0g oL or
- [ 4 0g 09 0g
11 1'% 0g oL oy
- €'z og 09 0s
LS I'g 0 0L _ or
2'1-8°0 01 oog 00g 00T
Iz Xen XeW X8 XBN
e - L1 81 8% 00£T
~-= == mu.m €61 Mnm Mowma
7078732 _6L°61-EL
S PT-M _86°¥~ON £z €€ 14 SLET
gl g L 4 4 4 4
1! 2 I 10881
-~ il 7 € 78 00€T
g0 8712 6L 6T-EL
4 ol W[ Al 253 7€ 258 75481
€2°2-1Z "G’ 1g-%L i . —_—
S'9T-M  G°G-ON 01 00T 002 00ST
xel XeW XeR Xen XeN XeW
110 0 T 4 21 081
- --- 1 1 [ 8T
01°0 6%°0 T> s > Torz
we m—— 1> Z S 9L1
S0T°0 6%'0 1> I %> Toat
SO0T*0 6%°0 1> T B> 091
- m== 1> £ 16 (70T
60°0 05°0 15> 1> 4 09T
60°0 ¥6'0 1> T 2 091
60°0 08°0 1> T > 022
- == T> 4 1T 801
80°0 S8’ Q 1> € > 1> Ly
210 M) g 02 4 00¢g
XeW X8l XBH XeN Xen XeN
-—= el 1> 2 86 1004
0%°0 ge" 1 4 € € TLTIT
T Tee Y Tz Tye MowAA
61°0 se" 1 4 4 g €911
Tes U--- T % Yoz Mo«ﬁﬂ
120 0%°1 4 € 9 60€T
To.- T--- Tz % Tt Hommﬂ
22170 A 1> 4 i 20081
--- === € 8 14 70881
2L 0 208 L > 1> 2__ o008l
81°0 €1 g 01 02 00% T
Xel XeN Xel Xen XelN xeW
iz I " N o 5
(%) I9930

udd ‘sesiTeuy Teorweu)d

o))
JOPUSA
IOpusp

JIOpUSA
JOpUaA,
JIOPUDA
Iopusa
ZOpuUSA
JIOPUSA

an
Iopusp

J0pusp
0o
J0pusA

ELTSIETY

JOpuaA
"D
Iopusp
an
Jopusp
IOpusp
a9
Jopusp
I0Opuep
Jopusp
T
Jopusp

a9
xopuep
qD
JOpusA
gD
JOpPUSA
k63
I0pusi
a9
Jopusp

Ag

pazdiTeuy

jonpoad
jonpoxg

jonpoxd
jonpoag

jonpoagd

jonpoad
jonpoad

3onpoad
1onpoxd

onpoad
jonpoad
jonpoxgd
jonpoId
jonpoxd
jonpoad
jonpoxd
1onpoad
jonpod
jonpoad
jonpoag
jonpoxd

jonpoxd
jonpoagd
jonpoad
30onpoag
jonpoid
jonpoig
jonpoad
jonpoad
jonpoad
jonpoag

TBUTY
TeuTd
j08ur

TeUTd
308uy
TeuTd
308ur
TeUTY
308uy

TEUTY
TEUTL

t08uy
TeuTd
Teutd

108u7T

TeUTH
Teuty
Teutrd
Teutrd
Teutgd
TeUTS
Teutq
TeUTd
Teutg
Teutd
Teutd
Teutry

Teutrd
Teuty
TeuTd
TeuTd
Teutry
TeUTA
Teutg
TReUTL
Teutrd
Teutrd

@0anog
atdueg

(p,1u0))

STT0L~ET16

818¢

818¢

818¢S

61156799

61156799

£68L

GGGl

9.8L
9L8L

eLVL
86%L

89%4
0969

ZeN

L6N

96N

pEx4

1EED

IoquinN

Wbe

SqT €T
sq1 01

sq1 0

u¥e

44

% .21 X ,,6L10°0

X ,0'8 ¥ ,600°0

X ,8°€ ¥ ,00°0

X ,8°0 % ,,300°0

%X Jde3euweIp ,,0°'%

X a9jewerp ,0°T

LET X I939WTP GG %

X JI938WEBTID ,0°C

L &1 X I938WETD | GL8°0

J939WBTP |, GL8°0

I93BWETD | GL8" 0

8T X I218WEIP ,008°0

ul ¥

LGL BT

I218WETP ,00G°0
1939WBTIP | GZI'0

WS ¥ 8 % ,0L8°T
WS X .2 X 60871

L0SL°0 X ,06L"0

LL8T°9T ¥ I0%0WeIp ,0°Z

¥ Jsjewerp |, 0°1

2718

192ug
€-%0-€000-10

1704

wﬁoh

Trod

g-£0-€000-10

poy

poy

V-10-0T00-T0
poy

poy

poy
poy

poy
poy

poy
poa

ZWZL-gM~-XWD
xeg
Ieg
aeg
poy
poy

0-00-1100-10

WI O

1e2H

‘II1 FTAVL

jonpoad ITTW

(9-1)-220-V20

NOILVOIJAIOAdS

£00-V20
200-Yg0
100-V20

NOILYDOIZIOAdS

(2-1)~1%0-V20

(£-T)~850~Vg0

NOLLVOIAIOALS
0L0-¥20

L00-V20

I80-V20
TL0-V¥20

900-VZ0
2L0-VZ0

$00-V20
700-Vz0

NOILVOIJAIDAJS

££0-VE0
(9-1)-3£0-V&0
(§-T)-5£0-Y20
(€-1)-9£0-VY20
(€-1)~L80-V30

NOILVOIAIOAdS

221790

WgeT1-qd

WZL-oK

OZL-ON

xaqunN
NON

£OTTV

~20-



-=- L 19 eve jad
- £y 54 002 0s
80°1 z'2 L6 §8% 1€
Z - > MHm vaa MN«
- 9°g sV 0z1 ov
S6°0 6% 09 <9t £g
L s mmm Mwmﬁ mmm
- 6°1 og T 0g>
16°0 6% sg 591 og
T.o.- Trs Mnn MNNH Mom
- 1'% 0s ogT ov
€6°0 6'E gy gL ¥S_
%z" 17870 Tot %oc  Tooe  CooT
xZ Xen Xen xXel XeN
11 81 01> oL ov
2 1-8'0 o1 00T 008 00%
xz XeN xR p'e: | X
- g ov 0s 08
80°1 g 0s 09 001>
-=- g ov 0% 08
80°1 s 0s 09 _ 001>
Z2°1-8°0 o1 00g oog 001
iz e xeN xel geN
--- 1 9 26 o4
11 z Top Tos Toy
z2°1-8°0 o1 00€ 00g 001
X7 XenN X8 XeN XeW
=== v e ¥8 8
- g ov og cg
1 13 08 oL (4
8180 %ot %ot %oos ooz
Iz XeW xeN Xew xeN
-=- € £9 112 5L
i 1°c g9 [ias o>
L6°0 LE (85 Q22 [T
2°1-8°0 01 001 00g 00%
IZ XPW XEN XEeN Xen
-—= 1> 2% 1 og
- 1587 Tag Tog> Tog>
20° T L'e £9 01z 2%
& Mm/m mpm LBET an
=== g 4] ogT og
30° 1T L€ €9 018 47
LR Tr> wcm {181 mmw
--- 9 sg oeT og>
£0°X Sy s9 og1 28
%180 o1 ooE ooz Coot
Iz Xel XEeN Xel XeN
(%) I2U30 H N [} o)

wdd ‘sasATRUY TEOTWSUD

ao.
IOpUSA
Jopusp
a0
I0puSA
IOPUSA
k)
JopuoA
JOpusp
g0
IOpUSA
Iopush

IOpUSA

IOpuLA
ZOpuUsp
ZOpudp
IOpusA

a0
1opusp

30
Jopusap
Jopusp

T
IOpuaA
Jopusp

a9
aopusp
Jopuep
qH9
I0puUsA
xopuap
an
JOPUDA
aopusp

&g
pazATeuy

jonpoxd
jonpoxd

jonpoad
10npoxd

jonpoad
j1onpoad

jonpoad
onpoad

jonpoad

j1onpold

jonpoid

3onpoxd
jonpoxd

jonpoad
jonpoad

jonpod
jonpoad

jonpoad
jonpoid

jonpoad
jonpoxd

jonpoxd
jonpoxd

Teutd
TeuTd
308ut
Teutd
Teutd
108u]l
TeUTd
Teutd
108uy
TeRUTS
TeuTS
108ul

TBUTS

Teuld
108ul
TeuTd
108ur

TBUTd
Teutd

TBUTd
TeuTd
108u1

Teutd
Teutd
103Uy

18Ut
Teurd
jo03uy
TBUTY
Teurd
jo8ur
TeuTd
Teutd
108u7

20ano0g
a1dueg

(p,3u0D)

g

0067216

6SS0L-116

6GS0L-116

200£6-116

GL09

8986

898¢

9886

988G

€080L

211047216

¢110L-216

gT10L-216

Taquiny
1esH

“ITI FIIVL

. ey

b2 X I939WeTpP | 67T

.21 X I9jouerp

5290

L0ZT X I939Werp G0

,0BT ¥ I919WETP ,S°0

,09 X xejowerp

sqT € X I979WETP

sqT % X 493SWeIp

,082°0

4V60°0

,390°0

.8F X TTes ,621°0 X @O ,SL°%

,6-.8 X TI®4 ,090°0 X G0 ,5'0

,09 X TTeM ,Z90°0 ¥ 4O

W9E ¥ 9 X

WBl X ¥ %

L% X %2 X

5718

,082°0

,082°0

L6217 0

40€0°0

poy

poy

poy

poy

$§z0-Y20

920-Y20

720-Veo

(2-1)-0%0-V80

a-p0-£000-10 NOILVDIJIDIJIS

poy

690-V20

0-10-2600~10 NOILVOIAIDAdS

DIATM

SITH

T£0-V¥20

0£0~V20

g-£0-£000-10 NOILVOIAIDAAS

agny,

4-£0-%000"10

aqnJ

0-T0-%000-10

aqnL

a-10-¥000-10

198Usg

103Ug

109Us

WIOL

jonpoad TITH

[——

620-Vg0

NOILYDOIJIOAdS

(2-1)-0%0-¥20

NOILYDIJIDAAS

080-Veo

NOILVOIAIDEAS

6T0-V20

€20°VY20

(2-1)-¥€£0-¥g0

JaquinN

NOW

~21~

IZT-9D

AOTTY



*sasdTeU® ¢ JyO 98wvIeAY

€
‘orow J0 s8SATeUR P JO o8BISAY z
*sesdiBur 7 jo aSwioAy .
il 1> 8z 291 062 T 310Npoxd Tedtrd
€'2-3H
6°8-M - 1% 81 0eT IOpUSA jonpoag 1eUId 7=6E~BL W89 X G°E ¥ 6000 1e8Usg Lz0-Veo
‘‘‘‘‘ JIOFFH 3sed : NOILVOIAIDAAS {444\
=== 1> 8T 0z .HHN T 1onpoxd Teutrd
e € o1 9 01> JOpUSA 1oUpoxd Teutd 65218 48 X I8lewerp 0931 poy ¥10-V20
e ,_...H HNH ﬁmﬁ «m._n o jonpoxad Teutd
i € 4 9 01> JI0PUBA jonpoxd 1eutd TPETS W8T ¥ JI938WeIpP  G6Z9°0 roy 010-V20
- .n.n > HON HNn Abﬁ 0] 3anpoad teutd
Rt € (43 Ve oT> JIopuap 1onpoad TeuUTS £0e18 WFg ¥ xelswerp  04Z°0 poy 600-V20
o € o1 9 0oT> JLOpuUdA 3onpoxd TBUTI 65218 +009 X I938WBTP | 0Z0°0 SITM 800-YZ0
ST 412 00g oo
XeN Xen XeN Xel LZ9-69€ ~g~NLSY NOILYOIAIOAJS
- 1> ._..m ._“NH An &0 1onpoag TeUTd
- € 0T 9 o1 IOpusA 3onpoxg TeRUTA 65218 wST X ,00°T X ,00°T xeg S10-V20
= 1> ._.,o.a .an ﬁOH a0 jonpoxd teuTd
=== € 01 9 01> JOPUDA 1onporg TeUTL 66218 «82 X ,00°T X ,00S5'0 xeg 810-V20
ST 0s1 00¢ 0og
XEN Xen Xep XeN LT9-p9£-g-WLSY NOILVOIIIOEdS
b € eI e oT1>. IOpUBA 1onpoxg feutq €0€18 € X 678 % 670 xeqg 120-Y¥20
01 0st 00g 00g
xXew XBN Xen XeW 129-6¢9c-9-WLSY NOILVIIAIOAIS
o H._” HN AN.H AN.H o] ionpoad Teutd
- T o1 i 4 62 IOpUSA jonpoxd Teutd 12218 LWL X ,0'% X 08370 Ieg. (Z2-1)-g10-¥Z0
- T> ._..H._” Hw._” .nw an 1onpoxd Teutd
e 8 LT (44 0¢ JIOpUdA jonpoxq yeurd 01e18 «9€ X 88T1°% X ,290°0 3esYs TT0-V80
- T> Hm .Hw ._”v an jonpoxd Teutrs
e € g (A 01 LOPUSA 19Npoxd TRUTS ¥LZ18 aCT X QL0 X ,Z2€0°0 3e3ug g10-vgo
ST 0ST 00g 00¢
XBN XeW XeW XeN LT9~$9Ea- WISV NOILVOIJI0dds
§-x2 [ 8% 82 o1 JTOpudA 1oNpoad Teutrd LTT-90 $qT ¥ ¥ ,,6°0 X ,200°0 Trod (8~1)~6¥0-V20
o1 0ST 00 0og
XEBN XeW XeR XBW LZ9-p9ed WISV NOILVOIAID3dS el
(%) 19410 H N 0 R Ag a0aInog Iaquny 9ZTS WIOT Jaquny AOTTV
udd ‘sesAreuy TeoTuayd pazdieuy aTdueg 1eaH jonpoad TIIN NOW
(P,3u0D) “III FIAVL

~22-



L=8BETTD

.001 001 € o-¥ €1g 91¢ - - - HHNA Hmw Ha.vb Hm.ow s’ SO Z/0,GL%T  20T11-A-TTT LET ¥ M ,GLE'0 X QO ,0°€ aqny, (2-1)-9%0-V20
- 001 - g 928 0€£e - - - Hm.mv .Hm.vm Hw.mh Hm.Hm ‘A 1/4,000€ €9LT-0~-T1T LT X I ,019'T ¥ @0 ,,08'2 agqny, 080-VYZ0.
001 001 9 gs 61g €1e - - - .Hw.wm Hm.muv .mv.mw Hm.ww tIU 1/d3,000¢ 6881-0~1TT LET X al 019°T X 40 ,8°% aqny $80-V20
001 001 4 S [:X44 0ET - - - .Hm.w«. .Hm.wm .Hw.mh Hm.am ‘Y 1/4,000€ $9LT-a-TT1 S8T X M [ GLE°0 X (0. ,088°2 aqnt (8-1)-6L0-V20
06 €
‘Ut CUTH
001 00T g S 112 k244 - - - .ﬂm.wm €g S°vL ¥ 16 a4 1/4,000€ 0L9T-C~TT1 16 X M ,00T°0 ¥ Q0 ,0°1 aqnyL (8-1)~920-V20
001 00T S g L13 i 244 - - = .Hm.wm €e S'vL ¥*16 Iy 1/d,000€ 0L9T-O~TT11 4STIT ¥ M ,00T°0 X @O ,0'1 aqny, " PLO-V20
00T 001 g gg 612 9eg = - - Hm*qA Hbm Ho.wh .Hw.Hm AU 1/84,000€ 0L91-A~TIT LOPT X & ,001°0 ¥ 00 ,0°1 aqny, (8-1)-890-¥350
001 001 g §s 612 983 - - - HmuvA am.mm Mm.mb .nm.ww ‘a4 1/d,000€  0L49T-A-TIT1 WSl ¥ M ,690°0 ¥ Q0 ,,SLE°0 aqny (81-T1)-220-Y20
00T 001 g §g 612 982 - - ~ Hva Hm.wm Am.mb Hm.ww ‘I 1/4,000€ 0L91-Q-T11 JPPT ¥ M ,690°0 X A0 ,5LE8°0 aqny, (€-1)-990-¥20
001 g JVUBTIBA 0§ *XEW 8se3I0Ul dO - 08 0z 00T 0Tl g-00-¢€00-10 - odId pue Burqn] $SaTweds NOILVOIZIDEdS
‘UTR ‘UTH %GT - edeld ‘uTH *UTH * Xep * XBY
0ot 001 9-¥ §o-9 FA44 6% NHASTZ - - HGNA Hm.bm AH.MN HN...um *au 1/d4,000€ 9L0S9 LJIT X 68179 X ,,008'0 93814 9S0-VZ0 i
- 00T - 9 £1g i1 - - - 92T - AN g 16 Ty T/0,64%T  BE9T-G-TT1 LIT X GBT'9 ¥ ,00S°0 @38ld 600-980 Q
T T T T [aN]
- 001 - §1-2 i:k44 pA14 NHESTZ passed 601 - HONA Hm.mm Hm,hh Hm.Nm *aY 1/4,000€ 8089 LOT X 90 X 62170 Ja9ng LS0-V20 !
001 001 8 §L €22 9%e - pessed ,GET - Am.m.ﬁ Hm.om ﬂm.mw Hw..nm “aY T/0,SL¥T ge9T-Q-1T1 408 ¥ 21 X ,0%0°0 399Yg (z~1)-010-920
001 00T 9 L 672 GLg NHESTZ  Passed 081 - 0e< 1€ 3 66 6°6L *IY 1/d,000€ 940%9 LT X T X 68070 Jesyg (£-1)-$90-YE0
T 1 T 1 E
00T 9 BDUBTILA 0§ °XEW “TTed ON/#4,G0T (14 0 00T 01t €~00-0700-10 - d1d3§ pue ‘e3eid ‘199Ys NOILVOIZIDA4S
TuTK CuTy * e * Xel
00T 001 L - - - NHESTZ  Possed ,081 - - - - - *ay 1/d,000€ 9L0S9 LT ¥ .68 X ,600°0 1104 (2-1)~E90-V320
00T g6 8 - - - - passed 08T - - - - - AU T/D,6LV1 0L9T-0-111 WO X 8'E X 60070 1T04 £¥0-V20
f )
001 001 ] - - - - pessed 081 - - - - - Sy T/0,SLFT BE9T-G-T11 LBT X 8¢ X 600°0 1104 210-820
001 001 -9 - - - NHEGIZz  Pessed 081 - - - - - *ay 1/4,000€ 92059 488 X 8°E€ X ,600'0 1104 ¥90-YZ0
001 6 8 - - - - passed 081 - - - - - AU T/D,8LPT 0491-C-111 L08 ¥ ,8°8 X 500°0 1108 Z%0-vgo
- 00T - - - - - pessed 08T - - .- - - * U 1/D,8LPT  BEQT-G-TT1 ,38 X . 6°¢ X ,800°0 1104 110-930
%001 SITRL ON/#4,08T ¥-00-£%00-10 1104 NOILVOILIDAdS TI1-1
HD TOopusA *ON WISV "ON WISY J93us) odejgang H1ng ax8Td %‘3uoTd  SJInoH % 183 TSY JUeWIBAIL TaqunN B 821§ uIod Tequiny Ao11y
(%) worl®Z an JOPUIA (HdQ) OI2TK 0 18d 000°61 3% +Suotd ‘8'A%3°0 “31n 1e9H TBUTq 3e8H 1ompoad TTTN NOW
T11e184a08Y 9718 UTeID SSaUpPJIEH puag 27717 2anadny saT1d0dodg STTSULL
~55811318 Jd,00%2 aangexadws] wooy
‘ SIO000dd 'TIIN AOTIV ANOLOVHATY JO FZIS NIVED B SIILYAJOUd TYDINVHOAW Al HTEVL

i iy ey o v, W!{y«&), ] gy




00T

001

001

001

001

001

00T

007

001

0071

001

001

00T

001

001

001

001

001

00T 9~ L 932 €92 NHESTZ - - {005 588 0012 v *ay 1/d,000€ 92069 L9 X@,08°1 poy 860-Y20
gt0° 2

g6 - 1-€ 08 103 - - - gto'1zE 1578 1558 1508 TSIY g/0,8L%T  ££91-G-T11 9 Xg 61 poy $10-4320.

001 [:234 L 0£7 414 NHESTZ - - L1ee %€ {072 1036 *aY 1/4,0008 92089 W8 X g 6211 poy 190-v20

001 [+ §s-v - - = - - £ 1879 1469 (£88 TaY 1/0,82%1  £€91-0-T11 W8 X @ 62T T poy 800~830

001 9-¢ L [al:14 [ 4:14 NHESTZ - - L1702 58 {07 %L {026 *aU 1/4,0008 92089 WP X g 01 poy 290-YZ0

001 9-g gs-v 203 922 - - - £t 879V L4169 (£°68 taY 1/0,$4F1  €€91-Q-T11 Wr X @ 01 poy (Z-1)-£00-930

001 % (72 182 $92 NHES1Z - - L1ros< 15728 878 L5086 Ty 1/d,000€ 92089 JOT % @ 62970 poy £50-V20

001 A §9 918 922 - - - 2ot 578 LLeL 268 CIY T/D,6LPT  €€9T-A-T11 JPT X @ 62970 poy 900-920

001 A (73 182 $92 NHESTZ - - Lrox 5ee 88 5708 *aq 1/d,000€ 92059 :iZ x\s. " 5080 poy 850-Y20

001 A §o 912 92e - - - Lot 14 e 12768 I T/0,8LPT  €£91-d-T1T .87 X @ ,008°0 poy 500-920

oot L §z 8€2 092 NHESTE - - LLros 18782 [vres 8116 Ty 1/8,0008 92059 b8 X g 0820 poy $S0-V20

001 9 g9 veT L8 - - C- 1961 € L8702 868 TaY 1/0,84%T  €£9T1-A-T11 WV8 X @ ,088°0 poy $00-920

z 2 SOUETIEA OF " XEW 02 08 00T 011 g-00-C100~10 - PoY pue xeg NOILYOIJIDHdS

CUIN SUTH *XBl * BN
1

001 € - - - NHESTZ - - - - - - *IY 1/4,000€ 92089 #6°L X @ ,681°0 aITH 090~YZ0. /nu

- A - - - NHESTZ - - - - - - Sy 1/4,0008 91902 (#1°€) 0% X @ ,921'0 aITH 650-Y20 !

001 9 - - - - - - - - - - CaY /0,641 €£9T-C-T11 1891 X ¢, 62170 2ITH £00-920

00T 9 - - - - - - - - - - ‘ay 1/0,62¥T  €£9T-G-1T11 #8 X @ ,$60°0 aaTH . %00-4Z0

- - - - - - - - - - ~ - - 91902 1100 X @ ,290°0 aaTH (2-1)-6£0-¥30

001 -9 - - - - - - - - - - $IY 1/0,84PT  €€9T-a-TTT #9. X @ 2900 oaty 100-420

001 V-00~8%00-10 SITM NOIIVOIa1DEdS

00T - 4 €12 €12 - - - o 14 [9'8e {1769 1948 caY /8,000 6281-0-T11 LPT X M ,008°0 X 00 ,SB°E aqny, 280~ Y20

001 - i3 £13 €12 - - - (188 [8'ee {1769 928 ‘ay 1/d4,000€  628T-0-TT1 JPT X K 8270 X 4O .62 aqny, 980-Y20

001 12 9-¥ £1g 912 - - - e 87 L1 {2798 #47SIU 2/0,6LPT  B01T-G-TT1 LT X M 0080 % @0 ,S2°€ - s4nl S%0-Y20

00T 4 9-% €18 912 - - - S &% - LI ve 12798 447SIU B/0.ELPT  ZOTT-O-T11 LPT ¥ M 0620 X 40 ,,S2°'€ aqny 8b0-vZ0  TTT-1
.th JOPUSA °*ON WISY ‘ON WISV Ja3ua) 20BIING Fing aJaeld RnMGOAm SJINOH & ISy I8N Juswiead], JaqunN /zIg WIOq JaqunN %OA.:w
(%) uorlez ko) JIopusp (Hd@) ' OIDTH o 1sd 000°6T 3® ‘3uotid ‘S°A%g'0 ‘311 JesH TBULd 189H gonpoad TITW NOW

PZIS uTBIH ssaupJIey puag 8717 aaniydny sarjaedoag oTIsual e

11Te3SAID8Y

-5§884315 d,00%¢

aanjeasdusl wooy

(P, 3u0))

TAT TIEVL



00T

201

20T

20T
001
001

001

001
001

001

aZn

—25~

- - - 682 6.8 - - - - 108 {I'POT  [6°8Z1T  IU ©/E/d,0082 9282 W8T X @ 6280 poy T80-Y20
- - - 695 6.2 - - - - 08 (UP0T  6°281 "W /€/d4,008% 9L84 JbE X @ 6280 poy T20-Y20
- - - 182 [:7X4 - - - - 6% {87401 BTGET  'IU B/E/4,0082 ELPL W91 X g 6280 poy 900-Y20
- - - 662 182 - - - - 148 (£'%8T  £gel T $/3,0528 86VL W81 ¥ @ 0080 poy 220~¥30
- - - 90¢ 262 - - - - 82 (28T juteeT *aq §/4,0888 89T L W98 X @ 0050 poy $00-Yz0
- - - €63 892 - - - - %8 (97801 87LTY cau ¥/4,0022 0968 W98 X @ ,87T1°0 poy $00-VZ0
PassT T8y 03¢ 092 JUSmRITRLSY. ON 81 001 ST1 2~ WZL-gM-XWD poy NOILVOIJIDALS WZI-OW
LEERST * Xen ‘UTH ‘Ut CUTH ‘UIH
SUTPEU~DIN
4] - - - - - - 82l »7768 (£ (¥UE0T  [6T0ET T 1/D,0081 26N W8 % B X sueT aeg £€0-Y20
] - - - - - - 8z R 14 980 L0've A *I 1/0,00€1 LEW W% 8% cretT xsg (9-1) -2€0-¥Y20
0 -~ - - - - - 921 $8°21 &1 L8886 9801 *IU T/0,00€T 96 W Wl ¥ 0840 X 0620 Jeg (S-1)~S£0-Y30
o) - - - - - - L€ 55 L8 81 [9°96 {Irsot “Iq 1/4.0078 1e€% WABT'9T X g ,0°8 poy (€-1)~9£0-¥Z0
0 - - - - - ) - - [8ee (878 STL01 zTeTt *aY 1/d,00%8 TEEY ZSLTFT X g 01 poy (€-1)-2€0-¥20  OZI-OK
[ 0z ST op1 SL1T D~00-T100~10. - POY Pue Jaeg NOILYDIZIDAdS
* XBW TUIN ‘uIp ' xen *Xen .
00T S v ¥e€3 vee - - - £ 48 188t 826 *IU 1/4,000€ S9LI-Q-T1T W89 X B %X |1 aeg 840-Y20
*aY 1/4,000€
001 ] 9 [4£4 61% - - - 8= {548 [0°82 (8768 kx'STU Z/D,G2PT  BOIT-Q-TTI WBE X 8 X |1 Teg L30-Y20
001 g L [:T44 £9% NHESTZ - - L0708 (8% 0TTL 728 “IU 1/d,000€ 92089 LSTBT X T % 1 Teg 160~Y20
g+0°se
001 g -8 02 102 - - - ot0' 18 [8°%% ('L 1598 TIY 1/0,6LPT  £E9T-G-TTIT WETBT X T % T aeg (e-1)~£10-980
001 4 g-g 9228 0ezg - - - ey € 8% 76 *IY 1/4,0006  S9LT-A-TTIT W01 X ¢ . ozi'e poy 920-Y20
001 (57 §g 612 €12 - - - - gey b9 L5788 *IU 1/4,0008  638TI-0-T11T WS X8 62 poy £80~V20
001 §c [+ 92% 0€2 - - - S8 (8 veL S8 *IY 1/d,000€  S9LT-A-TIT LB8T°§ X ¢ 6% poy 220-Y20
g8'22 “aY 1/4,000€
001 4 -8 £1g 612 - - - 76 (868 669 [8°F8 K SIU B/0,64PT  029T-Q-TTT WOAU/T-T8 X @ ,5°2 poy 8£0~Y20
001 (37 §s 612 g1z - - - - S'gh %69 S’ 88 ‘aq 1/d,000€  6Z8T-A-TTT W8 X g 08 poy 280-Y20
T 1 1
£8 18 “IY1/4,0006+
00T 4 9-¥ 603 144 - - ~ 9°91 88y (bes V798 #KSIU B/0,6LPT  2OTT-G-1T1 W12 X g 02 poy (€-T)-¥%0-v20 ITT-1
JOpUSA  "ON WISY “ON WISY I93ud) aoejang ITng ageTd %‘3uo(y  SJnof % sy TSy JUBMWIBDILY, EECTN 9218 IO JaquinN LoT1V
(%) uor3ez 0} JopuaA (HdQ) 0221 10 18d 00061 2%® *Buol® *S'A%3°0 ‘310 JBOH TeUTd Jeel jonpoad TTIW NOW
TITRISLx08y VIS UTBIH ssaupJaey puag 8117 sanidny sa13Jedoad aTIsSuLl
§s91315 41,0092 aanjexadwal, wooy
(P, 3u0D) Al TIAVL
ey e — ey

ooy e, oy,




P

i

- - - 392 Z01 00T Ty - - - 7 1878 i *ay 1/4,008%  65S02-116 48T X ¢ ,589°0 poy 920-V20
- - - L [} 98 %os - - - €1 16792 (8°T% ‘aq 1/3,0088  6SS0L~T16 L08T X ¢ 60 poy Y20~YZ0
- - - 6-1 S8 08 Tugs - - - 15787 [Bree a4 *xy 1/d,0028 200£6-116 W01 X @ S0 poy (2-1)-020-Y20
€ Y06 ae3euweiq ot 09 S g-%0-€000-10 - dTa3g pue ‘e3eld ‘3esus ‘pod ‘awg NOILVOIAIOAdS
TUTH ‘XER X 6T° T (,09) “uT - xXER * XeW
- - - -] 98 26 - - - - gy g prov *ay 1/4,0028 $209 09 X @ ,083°0. poy 690~YZ0
-
oot 2 R 08 09 Sz 0-T0-2S00-10 - Po¥ Pu® JIeg NOILVOIAIOEdS
TUTH Y06 ‘UTR * XBH * xeR
-4 - 9 9 soysTIBA BT - - L91°E oL - - 8% 2°38 v 68 I 1/4,002% 9888 8% X M ,GET1'0 X @0 ,5L°% aqny 6%0-Y20
001 g SOUTIIEA DS -XEN q 0% 09 SL g-£0-%000-10 - Butqny sseTuwes NOIIVOIZIOHAS
‘uTH 406 ‘UK *XER * XeR
- 001 - 8 %1 631 - %ST 0% - - 44 9°z¢ 7' 6% *xyq 1/4,0082 988% \G-€ X & ,0¥0°0 X @0 ,S°0 eqny, (2-1) ~0%0-Y20
SOUETIEBA 0G - XEW q ) 03 09 Sz 0-10-%000-10 - 3did pue JuTqny Sselwesg NOILVOIZIOHAS
q06 U *XeN * xel
- 06-08 - s'9 96 91T - %09. oL - - 1 8°sv e *ay 1/d,0028 £0€0L 09 X A ,890°0 ¥ O ,082'0 aqny, 050-V20 i
Ne)
00T B) SOUBTABA 0C - *BR T838ueIq ot 09 Sz G-T0-%000-10 - Bufqny ssafueas NOIIVOIAIOEdS ?__
‘T YHos x S1°1 (,09) “uTH - e BN
- - - [ 6£1 18T D06 »= - - &8 08¢ L2709 *aq 1/4,002% 21102-816 W9€ ¥ 8 X 08270 399uS 610-Y20
- - - -2 681 18T Yy06 - - - £'81 0788 L9709 *ay 1/4,008% ZI10L W81 X % X 6gi'0  399US £20-V20
- - - [-32 011 $6 %se - - - A £ee o "2y 1/4,0022 g1T04-316 .88 ¥ P8 X 0€0°0  390uS (2-1)-YE0~V20
- - - g8 86 68 %06 - - - 468 12°92 L& ov *I4 1/4,0088 Z110L-216 WP8 ¥ BT X ,6210°0  309uS (9-1)-280-VZ0
B BOUBTIEA 0§ ' XEW GXEW Ie3auETq 01 09 SL €-$0-£000-10 ~ dTI3S pue ‘o3w1d ‘joeeus  poy ‘ded NOIIVOIAIOEAS  IZ1-9D
TuTH q06 X ST'T (,09) ‘uTH *XeW * XER
1} 0 ~ - 00€ 262 - - oS gL&< o€ g8 08T T 98T *aq 1/4,0098 61146-99 g2 X0 ,0%2 poy (2-1)-1%0-V20
0s 0 01-6 - o1g 182 - - 192 L5701 LIt (87910 87 8ET cay 1/4,0078 61156-99 W32 X g 01 POy (£-1)-550-V20
[ v SOUBYIEA 0F ' XEN 0% 03 09T 061 Y¥-10-0100-T0 oy NOIIVOIAIOAS WZEI-dD
* XBR Tty CUTH TUTH *xel ~Xep
- - - - 082 293 - - - - 8T 16728 [8'€01 *aY 1/d,0S68 £68L W1 %@ 6218 poy 0L0-VZ0
- - - BL8 897 - - - - 5ot L1es L6901 *aq 1/d,08€2 [1-1-78 Wbe X g 02 poy L00~Y20 ~ WZI-OW
"D JOPUSA "ON WISV “ON WISV J93us) odvFang qing BJIBTA 9 Buotd SInol % sy 5 JUBUIBOL], JdaqumN 2218 WIOF ZaqUINN AOTTV
(%) wotTiez __ HD aopusp (HdQ) OIDTH 10 1sd 00061 3® r8uold °S'A%Z°0 310 8ol TPUTd 1eeq jonpoad IT1FTH NOW
~ITTRISAT09Y JZTE UTBIH sgaUpIEy puag 8117 aanydny seTlaadoad STISU3],

-§58118 4,007€

aanjeradwa] wooy

(* P, 3uU0D)

AL ATEVL



susugoads ¢ “-18d Qo0‘0E ® 24,0023,
suentoads g “*15d 000‘0E ® 4,007,

"UOT3TPUCD. TBWISY] uesaad STera9qBw uo pasoduriadns jusuiesds
TBWISY] B SY YOTUM INOY T /d,000€ 3B OTJII08TH TRISUSH 3B°pajesl] 1By

N €
06 € 0°g ueyyl JI8jeaad
S6 2 0% 03 0°1T
00T 4 0°T 02 00%°0
001 4 00§*0 ©% 0%%°0
Q01 P 082°0 °31 63T'0
N TUTR ISquinN 9Z18 UTEID WISY sayouy ‘SSouNoTll 20
X 9 BTqRAOTTY WNWTUTH J939uWeTq 30NpoId z

*54809 oMy Jo aFeadAy

1
R ‘uor3esraqey dool UT 98ESN OX0FOq TBOUUB ‘IU-T/d,000€ TPUOTIIPPE UB USATS TBTIILEBWxkx [
M~
‘d,689Z 10 D,GLPT JUSUIBOI) JBOY [OSISUBT % ?__
S
- - - S % 9e1 801 %se - - - 168 T 2 *ay 1/4,0002 006-216 b8 X @827 poy 920-¥20  IZ1-40
HD JOPUSA ‘ON WISV 'ON WISV J93uo) ooegans Sing EETER ] % 8uo1d  sanol % TSY T8 ECEIETEERA TOQUNN 218 wiog TequnN £o11V
(%) uot3ez c6a) JI0pUSA (Hdd) OJOTH . a0 tsd 00061 38 ‘SuOTH °S'A%Z'0 310 JBOH TeUTd 18 30onpoag T1IH NOW
11183841004 BZTS UTBIH Ssoupiey pusg 8317 sanydny §91309d0odd STTSUIY
-889318 d,009% aanjeasdws] WOOY

("P,qU0D) “AI TIAVL




poy

poy

poy

poy

poy

poy

poy

sqny

aqng

sqny

aqng,

sqng

agny,

sqnr

aqny,

aqny

aqny

sqng

agny,

aqny

a1e1d

23®81d

39918

199ug

109Us

W10

8-8€£210

- pagsed %001 possed %001 €€9T-A-T11 WP X @ 01
- passed %001 passed %001 92059 W1 X @ g29°0
- pessed %001 pessed %001 £€91-A-T11 W1 X @ ,629'0
- pesseg %001 passed %001 9L089 W87 X @ 0080
- passed %0071 passed %001 ££91-C- 111 L8% X ¢ 0080
- pessed %00t peaocway sivozeQ-ported 92059 P2 X @ ,082°0
- possed %001 PassEd %001 ££91-Q-T11 VT X @ ,082°0
- passed %001 Passed %001 628T-0-111 WPT X M ,008°0 X @O ,52°€
- pessed %00T passed %001 6281-a-T111 LB X A ,68°0 ¥ G0 ,S2°€
- PossEd %001 Passed %001 20T1-G-111 WFT X M ,006°0 ¥ G0 ,S2°€
- pessed %001 possed %001 20T1~Q-T11 WP X M ,082°0 X @0 ,98°¢
- PoSSEd %001 pessed %001 2011-a-111 LT X W ,GLE°0 X GO ,0°€
- pesseq %001 PISERL %001 $921-Q~1TT wET X aI ,019°1 % G0 ,,08°%
- Pessed %001 pessed %001 20TT-d-111 +E1 X QI 0I8°'T X 40 ,$°2

- (TenstA) cdwe %gz-( pue punogs Sutuung
2A00a8 TTEWS Y3TM 3de1d Y-pessed %001 possed %001 SOLT-A-1TT #ST X 4 62870 X 4O ,,082°8
possed possed %001 passed %001 0291-Q-111 .6 ¥ M ,001°0 X 4O ,0°1
pesseq PasSSEd %001 pessed %001 0£9T-a-T11 LBIT X 4 ,001°0 X @O ,0°1T
passeq paaouay s30932@-pOITR paaowsy 830933(Q-poOTTRd 0L9T-C-T11 W01 X & 00T°0 X @G0 ,0°1
possEd PoAouRY §300700-PITTTL paAowSY §302390-POTTEL 0291-Q-T11 LBL X M ,890°0 X QO ,SL£°0
passed pesowsy Sioafo(-pailed pasousy §108F9(Q-poITed 0291-G-111 JBPT X M ,690°0 ¥ QO 52870
- passed %007 passed %001 92089 LIT X GBT°9 X ,008°0
- pessed %001 pessed %01 ZEST-A-TTT LIT X ,821°9 X ,008°0
- possed %001 pesseq %001 92059 .01 X 9 X 521"0

- rdue %09>
SUOTIEDTIPUT TTBWS SnOJdUNN-passed %00T passed %001 2€91-0-111 408 X ,81 X ,090°0
- passed %001 Pa8sEd %001 92069 W1 % T % 68070

DT1B1S0IPAY OIUOSBILLN uBILdUS Jaquny 9718

§359] 9AT1310NJI3SaPUON 1eSH 1onpoadd I1IN

(2-T)-200-920

£50-V20
900-920
280~V20
$00-420
$S0-Yeo
$00-920
L80~V20
980-V20
$%0- V20
8¥0-V20
(2-1)-9%0-Y20
080-V20

$80-Yz0

(2-1)-620-V20
(2-1)-520-V20
$L0-YZ0
(2-1)-890-V20
(81-1)-290~-V20
(£-1)-990-V20
950-YZ0
600-820

L80~V20

(2-1)-010-920

(e-1)-£90-¥20

JaquinyN
NOW

1T1-1

£oTTY

28~

SIDNA0¥d TIIW X0TIV A¥OIOVYAEY JO SISHL HONVENSSY ALITVAD ZATLONMISHGNON JO SITNSHY A H7EVL



- passed %001 9484 W¥8 X @ ,5.8°0 poy TL0-V20

- - PassEd %001 £LY2 ZOT X g ,618°0 poy 900~YZ0
- Pessed %00+ passed %001 867 L W81 X ¢ 00870 poy ZLD-VZ0
- - Passed %001 89T L W98 X @ 0050 poy S00~Y20
- - possed %001 0965 «9€ X @ 8Z2T1°0 poy ¥00~¥20 WZI-on
- PassEd %007 passed %001 260 WS X .2 % 0801 aeg £€0~V20
- passed %001 PIssEd %001 L6 WS X 2% 6281 azeg (9~1)~2£0~V20
- passed %007 passed %001 961 wd ¥ ,082°0 X ,06L°0 zeg (6~ 1)~8E0-V50
- Passed %001 pPasseq %001 ey wL81°9T X*B 0'2 boy (£-1)-9£0-Y20
- passed %001 passed %001 1ee% WSLTPT X 001 POy (€-1)-2£0-Y20 0ZI-oW
\
- passed %001 passeq %001 $9LT-Q-TTT W9 X 7 x 1 aeg 8L0-V20
- *aprs doy ‘pus
pPajou woaF :mm.w ‘8pTS WO330q pue pajou
woxy g ‘%001 PUE %06 FO SUOTIIEBOIPUT gz passed %001 20TT-A-TTT WE X B X T aeg L50~¥30
- possed %001 passed %001 92059 W8T X T x 1 aeg 10~Y20
- pessed %001 Passeqd %00T £891-0-TT1 W88 X T % .1 aeg (€-T)-£10~820
- (paaouay)
Pus pejou mody  fo ‘%00T UOTIEOTPUT | pessed %001 SOLI-A-TT1 (O X @ g21g poy 9L0~V20
- Possed %001 pPassed %001 6281-0-TT1T WS X0 sz poy £80-V20
- Pessed %001 Passed %001 SOLT-U~TT1T 488T°¢ X @ g7 poy LL0VZ0
- pessed %001 passeg %001 049T-0~11T WOT/1-18 X g 68 poy 8E0-vg0
- possed %001 passed %001 628T-C-T1T JJE X9 0z poy 280-V¥20
- Passed %001 Passed %001 2011~a-T11 W12 ¥ g 08 poy (e-1)-$%0~v20
- passed %001 posseqd %007 92089 W8 Xg 081 poy 850-YZ0
- passed %001 Passed %001 €€91-a-111 W9 X8 61 poy $10-920
- pPessed %001 passed %007 92089 W8 X @ 5211 poy 190-Y¥20
- pessed %001 passed %001 €£91-a-111 W8 X @ 5811 poy 800-420
- passed %001 Passed %001 92099 WY X9 01 poy 290-Y20 11~
011831S0IPAYR OTUOSBILIN jueI}ousg ZDQUINN. 9718 wIog JIaqump LKoY
S$189], 9AT3ONI}SSPUON 1B8H Jonpoad ITEN NOW

(*P,3u0D) A FTIAVL

=20~



= pesseq

- passeq

- passeg

- pesseq

- passed

%00T
%001
%001
%001

%001

dwe %op< PU°e *Jod woa3 ,pH-zb (¢

duwe %0y *Fea wody G HE-G'3E (7

due 9%06-0% PuD. " Fex woay ,pz-61 (1

- SUOTIEDIPUT g-PRTIE

430302351328 %08< SUCTIEDIPUT L ‘PSITeI-T1-0F0-VZ0

- %0b<  SUOTIBOTPUT g-POTTRY

- passed
- passeq
- Dassed
- passeg
- possed
- passed
- P passeg
- possed

- passed

%001
%001
%001
%001
%001
%001
%001
%001

%001

OT31831S0IPAH S5TU0SEBA 1]

53188, 2AT3ONI3SOPUON

passeg %001 006-216
pessed %001 65502-116
possed 4001 65502-116
pass®g %00T 20085-116
pessed %001 6209
passed %001 9886
passed %001 988
passed %001 £0£02
passed %001 Z110,-216
passed %001 z110L
pesseEd %001 Z1102-216
passed %001 Z1102-216
— 61156-99

-~ 61156-99
passed %001 g68L
passed %001 gesL
passed %001 9282

uealausdd Jaquny
1e?H
TP, 3U00) A mIEVL

WV X @ 65T
LET X @ 629" 0
L0281 X @ 50
L0ZT X @ .60

«08 ¥ @ ,082°0

W87 X M SBT'0 X @0 5472
,6=€ X 4 ,0¥0°0 X 40 ,8°0
409 X M 29070 X @O 0880
L€ X 9 X 0630

W8T X B X 6210

WBE X | BE X ,080°0

WPT X 21 X, 6LT0°0

WP X 8,02

W88 X @ 01

LBl X g 621'g

WP X @ 02

W81 X @ 6180

JZIS

poy

poy

poy

aqny

aqng,

29048

389Yyg

109yg

1204s

poy

poy
poy

poy

W0

3onpoad TITH

$20-V50
920-Y20
$20-Y20
(3~1)-080-Y20

690-Y20

620-Y20
(2-1)-0%0-V20
050-Y20
610~Y50
£20~V30
(2-1) -£0-V30
(9~1)~220~Y20
(2-1)~1%0-V20
(£-1)-SS0-YZ0
0L0-V20
L00-V20

180-V20

Taquiny
NOW

IZ1-90

Wze1-adD

WZL1-oW

AoTTY

~30~



6-8€21)

*pe1sa], 590914 FO Jaquny Te10f

*

- - - - - - - - - - - - - - - - 0 1 1
- - - - - - - - - - - - - - - - .0 v v
- - - - - - - - - - - - - - - - 0 g €
- . - - - - - - - - - - - - - - - 0 T 1
- - - - - - - - - - - - - - - - 0 z z
- - - - - - - - - - - - - - - - 0 T 1
- - - - 0 9 0 9 0 g 0 g - - 0 g 0 g ¢
- - - - - - - = - - - - - - - - g 0 Z
- 0 o v 5 0 ) ¥ 0 v 0 v - - 0 g 1 z g
- - - - 0 o1 0 o1 0 v ) v - - 0 3 0 ¥ v
- - - - - - - - - - - - - - - - 0 g €
- - - - 0 g - - 0 z o z 0 z T T 0 g g
- - - - 0 ‘v 0 8 - - o 8 - - 0 8 0 8 g
- - - - 0 L 0 L - - 0 £ 0 e 0 £ T z g
- - - - 0 e o 9 - - 0 z 0 z 0 z 0 3 g
- - - - T g 0 9 1 g 0 v 0 » 0 v 0 ¥ v
- - - - T 0z T 0z T L 0 8T g €1 0 8T 0 81 81
- - - - - - - - 0 L - - - - - - 0 L L
- - 0 e £z a1 €3 21 0 €1 0 €1 0 et 0 et 0 €t €1
- - - - 0 z 0 z 0 g 0 z 1 1 0 z 1 1 z
0 - - - 0 o 0 9 0 g o £ 1 g o g 1 13 g
0 - - - - - - - - - - - - - - - 1 ¢ 9

poTitd possed pOTI6d posseqd pOT1Ed posseq polied possed DpOY184 Dosseq pPOLIPd  possed poLled possed DOLTed possed polled possed polied possed 5701 Fo

pusg EXA S ¥01387S0IPAH ¥O TUOSBIZ T $IuBIIaUST 2ZTg UIBID S§oUpIEH eanjdny-s5ex3S SOMIHOII oIS UaL L1385 TWAYD) asquny

399yg

399yg

TTod

poy

poy

BITM

aqny,

a3erd

}89usg

1Yol

wIod

28g-1

BL

I1ZT-9D

WzeT-ad

WZL~oN

DZL~ON

ITT-L

Te11838H

SIINSTY LSEL FONVUNSSY ALITVAD TIVHIAO 40 KHVKHNS "IA TGV

-31~




annealed in the same vacuum annealing charge, and has been processed in the
same manner in all operations in which the processing temperatures exceeded

500°F.

A listing of the refractory metal and alloy mill products procured for
the program, the specifications to which they were procured, and the results
of the quality assurance tests are presented in Tables II through V. A
summary of the quality assurance test results with respect to meeting the

requirements of the specification is shown in Table VI.

The failure of numerous pieces of T-111 alloy to meet the stress-rupture
life requirements is attributed to the 1475°C (2687°F)/1 hour heat treatment
given this material. Samples of these pieces which were annealed a second
time for one hour at 3000°F and all specimens from T-111 alloy material which
was originally heat treated for one hour at 3000°F‘passed the stress-rupture
life requirements. All of the T-111 alloy that will be used in Corrosion

Loop I (T-111) was given a final anneal of one hour at 3000°F.

All of the various ultrasonic defects found in the refractory metal
products were removed prior to use with only three exceptions. The ultrasonic
defects reported in the l1-inech x 2-inch x 32-inch long T-111 alloy bar (MCN
02A-047), which will be utilized in the construction of the loop condenser,
are surface defects which were removed in subsequent machining of the bar. The
ultrasonic defects in the 0.5~inch OD x 0.040-inch wall (MCN 02A~040) and
2.755%inch OD x 0.125-~inch wall (MCN 02A-029) Cb-1%Zr alloy tubes were not
removed since the tubes are to be used in non-critical applications in the
lithium distillation facility and are not an intergral part of Corrosion Loop

I (T-111).

It should be noted that the material specifications for the Mo-TZC and
Cb-132M alloys were prepared from extremely limited data, and the apparent
failure of the Mo-TZC and Cb-132M alloys to meet the specifications in certain
areas does not imply that the material is inferior. It is anticipated that

the data obtained on these materials, both from the vendor and work done at
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General Electric, SPPS, will make possible the preparation of improved
specifications and aid in selecting processing parameters which will result

in improved material properties.

B. ALKALI METAL PURIFICATION

The lithium still was outgassed at elevated temperatures for two months,
thereby attaining a room temperature outgassing rate of 2 micron-liters per
hour at a pressure of 1.2 x 10_7 torr., Lithium distillation was initiated;
however, as a result of an instrumentation failure in the I-tubes (which indi-
cate the still pot levels) five pounds of lithium overflowed into the receiver.
All but one-half pound of lithium was returned to the hot trap through an
external line attached to the receiver dip leg. The one-half pound residue,
which remained in the receiver, will be diluted with two five-pound batches of
distilled lithium, each batch being returned to the hot trap. An additional
five pounds will be distilled into the receiver for analytical examination and
future use. The dilution factor of the one-half pound residue will be 1000
and any impurities contributed by the undistilled lithium will be insignifi-

cant .

C. LOOP FABRICATION

The fabrication status of T-111 Corrosion Loop Components is as follows:

1. Slack Diaphragm Transducers

Six T-111 alloy transducer housings were completed and shipped to Taylor
Instrument Company for the NaK filling operation. The T~11l1 diaphragms were
electron beam welded to the upper housings which were then tungsten inert gas
welded to the lower flanges. The Cb-1Zr ends of the brazed bimetallic joints
between Cb-1Zr and Type 316SS were then welded onto the T-111 alloy of the

NaK side of the transducers using Cb~1Zr filler metal.

(1)

Advanced Refractory Alloy Corrosion Loop Program, Quarterly Progress Report
Number 7 for Period Ending January 15, 1967, NASA Contract NAS 3-6474,
NASA-CR-72230, p. 8.
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Each transducer was postweld annealed at 2400°F for 1 hour in the R. D.
Brew Company Model 424B vacuum furnace shown in Figure 4 according to speci-
fication SPPS 03-0037-00-A. Chemical analyses of the T-111 sheet specimen
used for qualification of this furnace are given in Table VII. The Cb-1lZr
to Type 316SS bimetallic joints were positioned outside the heated zone of
the furnace (in vacuum). A maximum temperature of 1400°F was recorded on

these joints when the T-111 and T-111 to Cb-1%r welds were at 2400°F,

The completed transducer housings were shipped to Taylor Instrument
Company for the NaK filling operation. This vendor was also supplied with
a NaK sampler which will be filled with NaK equivalent to that used for the

transducers.

2. Lithium and Potassium EM Pump Ducts

Both EM pump duct wrappers have been received. All additional T-111
alloy required to complete both pump ducts was released during this report
period and component machining is in progress. All welds required as a part
of the manufacturing sequence have been made. It is anticipated that final
machining of the helices for the interference fit with the wrappers will be

completed by the end of April.

3. Throttle and Isolation Valves

The vendor, Hoke, Inc. has scheduled new delivery dates of April 28 for
delivery of the valve bodies and May 15 for delivery of the bellows assem-

blies.
Four sets of Mo-TZM alloy spur and pinion gears were received.

4. Turbine Simulator

Blade delivery was completed with the receipt of twelve (12) Mo-TZC and
six (6) Cb-132M alloy blades. All blades were crack-free and have been
released for incorporation in the turbine simulator nozzle assemblies. The

machining and assembly of these nozzle stages is now proceeding.

The turbine simulator casings have been received.
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TABLE VII

RESULTS OF CHEMICAL ANALYSES OF T-111 SHEET

FOR HEAT TREATMENT QUALIFICATION

Pressure, Torr

Element, ppm

o N H _C

Start End
of Run of Run
. )
Pre-Test Analysis (MCNO2B-010)
. o "'5 _5
Analysis after 2400°F/one hour 3.8 x 10 1.4 x 10

in SPPS Brew Vacuum Furnace
(Model 424B, 4 1/2-Inch Dia x
7~inch)(2)

89 9 1 9,11

54,56 5,7 <l 5,9

|

@) 0.040-inch thick sheet.

@2
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5. Condenser

During this report period two procedures for drilling the center hole
in the l-inch x 2~inch x 3l-inch lell_alloy condenser bar were evaluated.
Since initial gun dfilling trials had resulted in failure due fo a breakage
of carbide dr;;ls and excessive wear of high speed steel drills, a saﬁple'of
T-~111 alloy was supplied to Standard Tool Company, a producer of gun drills
for evaluation. Their report indicated fhe most success using a high speed
gun drill head to which they applied a positive rake chiplbreak along With a
10~degree stack point. Additional material would be required to further

define gun drilling‘parameters.

Concurrent with the above investigation, one 32-inch long condenser
bar was committed for conventional drilling. A 0.406-inch diametér hole was
drilled successfully using a long fluted twist drill with an extension
brazed to the shank. The drill was ground with an included angle of 135
degrees. A hand feed of approximately 0.003-inch per revolution and a drill

speed of 6 SFM produced the best cutting action.

After the success of conventional drilling was demonstrated, the 63-inch
long condenser bar was cut in half and one additional section was drilled
successfully to produce the two sections required for the 60-inch long con-
denser. These two drilled components were then released for final machining

and honing of the inside diameter.
6. Boiler

The welding of the internal tube, spacers, and external tube shell was
completed and shipment was made to the boiler forming vendor. Boiler forming

will be completed early in the next report period.

7. Stressed Diaphragm Transducer

The electron beam welding of this assembly was completed. EB welding

was utilized for joining the diaphragm to the transducer body flanges.

D. QUALITY ASSURANCE

1. Polishing and Pickling of T-111 Tantalum Alloy Tubing

In the post-test metallographic evaluation of loop components following

=37



long time exposure to alkali metals, it is often difficult to determine if
the surface irregularities observed on the inner surface of tube wall are a
result of corrosion. Quite ofteh, the most thaf can be stated is that the
before test surface and after test surface are similar in appearance. In
order to permit a more precise determination of the extent of attack, the
smoothness of the ID surface of portions of the T-111 alloy loop tubing is
being improved by polishing with 120- and 600-grit alumina cloth followed
by pickling in accordance with SPPS Specification Number 03—0010—00—0,

"Chemical Cleaning of Columbium, Tantalum, and their Alloys".

The smoothness of the ID surface of transverse tube specimens in the
as received, as received and pickled, as polished and as polished plus
pickled conditions are shown in Figure 5. The inside surface of the tube
specimens was polished by means of a 1/4-inch portable drill with the alumina
grit cloth inserted in a slotted rod. The ID of the tube was polished until
0.001-inch was removed from the surface. As shown in Figure 5, the combi-
nation polighing and pickling treatment resulted in an essentially smooth

surface free of flowed metal.

E. ADVANCED TANTALUM ALLOY CAPSULE TESTS

The ASTAR 811 and ASTAR 811CN alloys were heat treated by Westinghouse
at 3000°F for one hour. The heat treated alloys were received on February 23,
1967, and subsequently examined metallographically. The microstructures are
shown in Figures 6 and 7 and indicate both alloys to be 100% recrystallized
with a grain size of ASTM 6. Considerable second phase precipitate can be
seen in the grain boundries and matrix of the ASTAR 811CN alloy. Chemical
analyses results before and after heat treatment are presented in Table VIII
along with the vendor's ingot analysis. The tungsten concentration of the
ASTAR 811CN alloy, 6.4%, is considerably below the nominal concentration of
8% -

Specimens of ASTAR 811 and ASTAR 811CN measuring approximately l-inch
wide and 34-inches long were heated by direct resistance to 2400°F in a
-6
vacuum of 1 x 10 torr maintained by an oxygen leak for 30 hours according

to the procedures previously developed to contaminate similar T-111 alloy

=38~

Gmdtinid

|
i




X005 38eR
X =~
0%H Tu 0z-fONH Tm 0S-BYVHN S0¢ :3ueyo1ly OTydea8oTeIsH

« (ountop £q s3zed ‘z-T-y-1) ‘0CH-70SCH-tONH-IH UT S93INUTH

SAT4 10J PoTAOTd susuroeds °YIOT)D BUTWNTY ITID 009 PU® 0TI

Y3ITM pomIozisd TTBM °qni @yl 3O youl [Q0°(Q @sowdy 03 SurysiTod

Z3-8€21 *(TTBM YPUI-G90°0 X 40 Y2uI-5/£°0) Surqnl ALOTTY wnyejuel TTT-L
Jo ssauySnoy eoejing ay3l uo SuTTNOTd Pue SuTysITod 3O IOIIA °G 2a1n814d

SuTTYoId
poysTIOd SV

=30

wwbﬂmume< Aﬁ




%

B
e

Figure 6, Microstructure of ASTAR 811 Alloy Following Heat Treatment

at 3000°F for 1 Hour.
Size of 6,

Etchant:

30 gm NH4F-20 ml Hy0-50 ml HNO4

Recrystallized with an ASTM Grain

(D510111)
Mag: 500X !

Figure 7., Microstructive of ASTAR 811CN Alloy Following Heat Treatment

at 3000°F for 1 Hour.

of 6,

Etchant:

Recrystallized with an

30 gm NH,F-20 ml Hp0-50 ml HNOg

ASTM Grain Size
(D510211)

Mag: 500X
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(2)

specimens . The 1 x 10'-6 torr atmosphere in the vacuum chamber was moni-

tored with a G.E. partial pressure gas analyzer, shown in Figure 8. This

mass spectrometer device is a magnetic deflection instfument with a Nier -~
type of electron bombardment ion source and electron multiplier detector.

Although the oxygen partial pressures and specimen temperatures were

rigorously controlled, post test chemical analyses indicated considerable

differences in oxygen concentration between the ASTAR 811 and ASTAR 811CN

alloys. Six duplicate analyses were performed on specimens taken from
various regions of the sheet of each alloy. The ASTAR 811 average oxygen .
concentration was found to be 490 ppm* as compared to an average oxygen wi
concentration of 590 ppm** for the ASTAR 811CN alloy. The contamination
specimens have been cut to appropriate siées for construction of the cap- :}
sules. Further fabrication of the potassium reflux capsules is pending on

the results of the preliminary capsule test. This capsule will be put on 'q

test in the next report interim. 4

2)

Advanced Refractory Alloy Corrosion Loop Program, Quarterly Progress Report
Number 6 for Period Ending October 15, 1966, NASA Contract NAS 3-6474,
NASA CR-72177, p 17.

* 459 ppm minimum to 580 ppm maximum

*% 540 ppm minimum to 740 ppm maximum
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PRECEDING PAGE BLANK NOT FILRED.

Iv. FUTURE PLANS

A. Complete the fabrication of major components and sub-assemblies for

Corrosion Loop I (T-111).

B. A sample of distilled lithium will be analyzed.

C. The preliminary capsule test will be completed and weld specimens of the

ASTAR 811,and ASTAR 811CN alloys will be prepared.
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